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ABSTRACT 


Methyl 3-dimethylaminopropionate methiodide (4), 
methyl 3-dimethylaminobutyrate methiodide (5) and methyl 
3-dimethylamino-2-methylpropionate methiodide (6) have 
been synthesized and their muscarinic and nicotinic 
activities compared with acetylcholine (1), a-methylacetyl- 
choline (2) and g-methylacetylcholine (3). Compounds 5 
and 6 were more active at the muscarinic receptor than 
reported previously. The optical isomers of methyl 
3-dimethylaminobutyrate methiodide (5a,5b) and methyl 
3-dimethylamino-2-methylpropionate methiodide (6a, 6b) 
were synthesized and their muscarinic and nicotinic 
activities compared with those of the optical isomers 
of a- and g-methylacetylcholine (2a,2b and 3a;30)%, “She 
pharmacological results showed that a-methylacetylcholine 
(2) was stereospecific in its interactions with guinea- 
pig cholinesterase but not stereospecific at the mus- 
carinic receptors of this preparation. The a-methyl 
ester (5) was stereospecific at the muscarinic receptor, 
the L(-)S-isomer being nearly twice as active as the racemate. 
There was no evidence that the activity of this ester 
(5) was affected by cholinesterase. The isomers of the 
B-methyl ester (6a,6b) were equiactive at the muscarinic 
receptor unlike the isomers of 8-methylacetylcholine 


(3a,3b). The relative activity of the isomers of 
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B-methylacetylcholine (3a,3b) was not altered by chol- 
inesterase inhibition. Like the a-methyl ester (5) the 
B-methyl ester (6) did not appear to be hydrolyzed by 
cholinesterase. The results obtained are discussed in 
terms of the conformation and configuration of the 
agonists and their relative rates of hydrolysis by 
cholinesterase. 

The structure-activity relationships of a series of 
N,N-dialkylamino-esters were investigated. None of the 
compounds exhibited significant muscarinic or nicotinic 


activity. 
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Although acetylcholine (Ach) (1) was first syn- 
thesized by Baeyer in 1867 its pharmacological proper- 
ties were not investigated for almost fifty years 
(Goodman and Gilman, 1965). Hunt (1899) reported that 
adrenal extracts, from which the adrenaline had been 
removed, caused a fall in blood pressure. He identified 
the presence of choline in these extracts and suggested 
that some derivative of choline might be the depressor 
agent. In 1906 Hunt and Taveau showed that this der- 
ivative was acetylcholine. The pharmacological proper- 
ties of acetylcholine were investigated in detail by 
Dale (1914). He noted that acetylcholine mimicked the 
response to stimulation of the parasympathetic nerves 
and introduced the term "parasympathomimetic" to de- 
scribe its properties. 

Since these first experiments many attempts have 


been made to determine the structural features in a 





Note to the reader: 
Each discrete compound in this thesis will be numbered 
consecutively as it appears in the text. Optical iso- 


mers will be designated by the letters a and b. 
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molecule which are necessary to stimulate the cholin- 
ergic receptor and the nature of the cholinergic recep- 
tor itself. Comparative pharmacological and biochemical 
Studies (structure activity relationships - S.A.R.) 

have been extensively used in an attempt to define the 
nature of the receptor (Barlow, 1964; Bebbington and 
Brimblecombe, 1965; Burger, 1967; Triggle, 1971). In 
the past ten years S.A.R. studies have been replaced to 
some extent by physico-chemical techniques to determine 
the electronic and conformational properties of acetyl- 
choline and other cholinergic molecules. The techniques 
used include x-ray crystallography, proton magnetic 
resonance spectroscopy, infrared spectroscopy and a 
number of theoretical calculations. 

Recently a second field of research has emerged 
in the study of the cholinergic receptor. Workers are 
now engaged in the isolation of the actual receptor and 
the examination of its properties. 

The intention of this introduction is to review 
the changes which have been made to the structure of the 
acetylcholine molecule, and to discuss the physico- 
chemical investigations undertaken in an attempt to de- 
termine the essential features for cholinergic activity 
and to map out the key features of the cholinergic re- 


ceptor. 
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Particular attention will be paid to the work 
which has been done on a- and g-methylacetylcholine 
(a-MeAch and £-MeAch) (2 and 3) and the quaternary 
amino-esters; methyl 3-dimethylaminopropionate methio- 
dide (4), methyl 3-dimethylaminobutyrate methiodide (5) 
and methyl 3-dimethylamino-2-methylpropionate methiodide 
(6). The last three compounds can be regarded as 
being the reversed esters of acetylcholine (RE Ach), 
a-methylacetylcholine (RE a-MeAch) and g-methylacetyl- 


choline (RE 8-MeAch) respectively. 
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Acetylcholine is the common transmitter sub- 
stance at most efferent junctions in the peripheral 
nervous system. (The exception is the post~-ganglionic 
sympathetic junction where the transmitter substance 
is usually noradrenaline.) *% (See Figure 1.) 

The pharmacological effects of acetylcholine 
may be divided into two types: a) muscarinic effects 
and b) nicotinic effects. This division is based on 
the observation that the activity of acetylcholine is 
mimicked by L(+)-muscarine eny? at certain sites in the 
peripheral nervous system and by nicotine (8) at others. 


The nicotinic sites of action of acetylcholine are the 


r 
a 
A + 
o 

/ \ 


X CH 


(7) (8) 


adrenal medulla, the motor end-plates of the somatic 





a 
Acetylcholine is the neurotransmitter at a few post- 
ganglionic sympathetic sites e.g. sweat glands 


L(+)-3(R) -hydroxy-2(S)-methy1-5 (S) -trimethylammonium- 
methyltetrahydrofuran iodide 
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nervous system and the ganglia of the autonomic nervous 
system. The cholinomimetic effects of drugs, including 
acetylcholine, at autonomic effector cells are referred 
tO as muscarinic. 

From the many S.A.R. studies a series of criteria 
have been postulated for maximum cholinergic activity. 
These studies have been extensively reviewed by Barlow 
(oot )e Burger 01967) Goldstein et al, (1969) and 
Triggle (1971). Most of the S.A.R. studies were per- 
formed using acyclic analogues of acetylcholine. JHow- 
ever, there are a number of important cholinergic com- 
pounds which have a cyclic structure. These agents fall 
into three main categories: the derivatives of muscarine, 
the 1,3-dioxolanes and the furmethonium analogues. The 
most active compound in each series is L(+)-muscarine 
ii jestWaser, 11961) L(+)—cis-2(S)-methyl—4(R)—trimethy1- 
ammoniummethyl-1,3-dioxolane iodide (9) (Belleau .and 
Puranen, 1963) and 5-methy1-2-trimethylammoniummethyl- 


LULL oovde. (10) (ing tet al. 1952). 


+ 
CH.N (CH) 3 


od CH CH N(CH.) , ite, 












7 
‘ 4 = , - 7 a a. © 
eyovien cimonosus sit to silpaisp oft bas moseaye avovien . 


ost -MISEYe . , 


patbsufoni ,apexb to astostis sisemimontiforio 


bexrrete: sts elloo tosostts oimonotus ts ,snilodolyyess i 


ites ixo Io eslxve eeibete .f.A.2 yasm odd mort 
ysivis oipxenifono mumixsm x etsiggeoq ased svsd 
olrsd vd f iivex ylevienostxs nsesd eved esibudte easd? 
6 (@9e@l) «fs 39 ateteblop (Teel) xspxed , (8eRE 


, 
b 
ib 
Pom 
wd 
vf ; 
(0 
a 
“4 
fr 
re 
=! 
“ 
~~" 
ie) 
it) 
= 
Ls 
~-! 
r 
4a 
fo 
c 
}~ 
' 
“ 
@ 
be 
*] 
ce 
taal 
5 


-“woH .oniforolyteos to esupolsns oiloyos patey bomio2 7 


Try? ~S“Feerranrf — °F : ere Fr 5 “ 7 + cc lon a4 es 2 of 
mos 2ipienilods sastieqmi to 14dmun 5 sis stedd ,teVe 





. > 
2 ar) ~ ‘ . > . . ’ 7 , ‘ 
lis? etneps sean? -Stutou1d2 Oflove s sven dordw ebavog 
- 
,onirsos to esvitsvixzs ri: : 9t6D nism seids ogni 
saiT .escpolans m ofnvsmivi sit br eonsiloxetb-€,{f edd - 
‘ i * F 
eaireceum-(+).J ei eeitse doses anki Bbavoamon svigos Jeom 
-Lydszembizs- (A) }-Lydsom~ (2)S-eato-(+)1 ,(1a€L ,xzeeeW) (T) 
bas, uwsellod) (@) sbi thot ensloxoilb-€ , l=fyakz Jomme Lnomms 
7 oo 





<bpltense heise diiented=¢41it30n~2 bas, (€8@L \asaee 7 






2 





~(SeeL ,.is te pal) (01) sbibot asa ; 


oo 7 : = - 7) 


—— * 






nervous system and the ganglia of the autonomic nervous 
system. The cholinomimetic effects of drugs, including 
acetylcholine, at autonomic effector cells are referred 
tO as muscarinic. 

From the many S.A.R. studies a series of criteria 
have been postulated for maximum cholinergic activity. 
These studies have been extensively reviewed by Barlow 
(1964), Burger, (1967) Goldstein et al. (1969) and 
Triggle (1971)..3;.Most of the S.A.R. studies were per- 
formed using acyclic analogues of acetylcholine. How- 
ever, there are a number of important cholinergic com- 
pounds which have a cyclic structure. These agents fall 
into three main categories: the derivatives of muscarine, 
the 1,3-dioxolanes and the furmethonium analogues. The 
most active compound in each series is L(+)-muscarine 
(7) (Waser, 1961), L(+) -cis-2(S) -methy1-4 (R) -trimethyl- 
ammoniummethyl-1,3-dioxolane iodide (9) (Belleau .and 
Puranen, 1963) and 5-methy1l-2-trimethylammoniummethyl- 


furan iondide (10) (Ing et al., 1952). 
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From a consideration of the S.A.R. studies 
Goldstein et al. (1969) summarized the requirements 
for maximum cholinergic activity as being: 

1. a quaternary nitrogen atom bearing a posi- 
tive charge and surrounded by three methyl 
groups 

2. a two carbon methylene chain 

3. an oxygen atom in the main axis of the mole- 
cule 

4. a carbonyl oxygen atom about 7A° from the 
cationic charge 

5. a two carbon acyl residue 
Some significant exceptions exist to the requirements 
for a quaternary trimethylammonium structure. These 


are nicotine (8), arecoline (11) and oxotremorine (12). 


SS COOCH , 
NCH C =CCHN 
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CH3 


(11) (12) 
Many of the conclusions about the features 
necessary in a molecule for cholinergic activity and 


the nature of the cholinergic receptor have evolved 
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from the investigation of the pharmacological proper- 
ties of a- and g-methylacetylcholine (2 and 3). The 
properties of a- and g-methylacetylcholine (2 and 3) 
were first reported by Hunt in 1914 but their activity 
was not extensively investigated until 1932. Simonart 
(1932) showed that a-methylacetylcholine (2) produced 
a fall in blood pressure at very low doses being about 
1/20 as active as acetylcholine. On the cat's blood 
pressure after atropine its effect was quantitatively 
similar to acetylcholine, thus its nicotinic properties 
were quite marked. The author also investigated the 
activity of 8-methylacetylcholine (3). This compound 
produced a fall in the cat's blood pressure in small 
doses. On the average it was slightly less active than 
acetylcholine. After the administration of atropine 
no nicotinic hypertension could be obtained. 

The optical isomers of 8-methylacetylcholine 
(3a and 3b) were synthesized and evaluated by Major 
and Bonnett (1935). These authors were the first to 
recognize that the muscarine-like neti vty of p-methyl- 
acetylcholine (3) resided primarily in the (+)-isomer 
(3a). (+)-8-Methylacetylcholine (3a) was somewhat more 
active than the racemate on blood pressure and on iso- 


lated tissue whereas the (-)-isomer (3b) had only 
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approximately 1/100 the activity of the racemate. 

Since this initial study on the activity of the 
isomers of 8-methylacetylcholine (3a and 3b) more ex- 
tensive investigations have been carried out which have 
led to the postulation of hypothetical muscarinic and 
nicotinic receptors for acetylcholine. Ellenbroek and 
van Rossum (1960) established the absolute configura- 
tion of the enantiomers of 8-methylacetylcholine (3a 
and 3b) by synthesis from L(+)S- and D(-)R-lactic acid 
respectively. They demonstrated that the more active 
isomer had the "L" configuration. The configuration of 
this more active isomer is designated as L(+)S-8- 
methylacetylcholine (3a). (See page 60 for a detailed 
description of the methods of designation of absolute 
configuration.) The results obtained from these ex- 
periments indicated that acetylcholine, 8-methylacetyl- 
choline (3) and the optical isomers of 8-methylacetyl- 
choline (3a and 3b) had different affinities for the 
muscarinic receptor but that their intrinsic activities 
were identical. The observation that L(+)S-8-methyl- 
acetylcholine (3a) had the same configuration as the 
active muscarine isomer (L(+)-muscarine (7)) led these 
authors to suggest that these parasympathomimetic 


agents are highly complimentary to their receptors. 
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The results of this work were confirmed by Ellenbroek 
eo am 21965). 

Beckett et al. (1961, 1963, 1963a) also de- 
termined the absolute configuration of the enantiomers 
of ®-methylacetylcholine (3a and 3b) and extended the 
study of acetylcholine analogues by determining the 
absolute configuration of the optical isomers of 
a-methylacetylcholine (2a and 2b) The isomers of a- 
methylacetylcholine (2a and 2b) were synthesized from 
D(-)R- and L(+)S-alanine respectively. The results of 
the pharmacological experiments conducted by Beckett 
et al., (1963a) are presented in Table I. From their 
work and a consideration of the isomers of muscarine 
prepared by Waser (1961), Beckett et al. (1961, 1963a) 
proposed a model for the muscarinic receptor (Figure 
OM ie 

The quaternary nitrogen group and the ether 
oxygen lie in the same plane and form the two main 
centres for drug-receptor association. The OH group 
of muscarine or C=O of acetylcholine were considered 
to act as a secondary site of association. The dis- 
tance between the binding sites corresponds approxi- 
mately to the distance between the active sites in the 


L(+)-muscarine (7) molecule (Jellinek, 1958). 
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Figure 2: Diagramatic representation of muscarinic re- 
ceptors. (Beckett et al., 1963a) 


Le 


Anionic cavity negatively charged to accommodate 
quaternary nitrogen. 

Positively charged point accommodating ether linkage 
of muscarine (7) or ester linkage of acetylcholine 
and its analogues. 

Charged (+) area to accommodate OH of muscarine (7), 
C=O of acetylcholine and its analogues or double bond 
of furan analogues of muscarine. 
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A detailed evaluation of the series of muscarine anal- 
Ogues prepared and tested by Waser (1961) led Beckett 
ét al. * (1963a)* to~postulate ‘that? *a) steri¢ factors 
were important in the interaction of the muscarines 
with the receptor b) it was important to have one 
methyl group in the 2-position c) a correctly orien- 
tated 3-OH group was necessary and d) planarity was 
important for muscarinic activity. 

The authors assumed that acetylcholine and a- 
and g-methylacetylcholine (2 and 3) could adopt con- 
formations similar to that of L(+)-muscarine (7) when 
acting at the muscarinic receptor. The L(+)S-isomer 
of 8-methylacetylcholine (3a) can adopt a conformation 
complimentary to that of the depicted receptor but the 
D(-)R-isomer (3b) is unable to adopt this conformation. 
They suggested that both isomers could probably pre- 
sent surfaces complimentary to the receptor. Thus, 
when in the desired conformation the only difference 
between the two isomers is in the direction in which the 
8B-methyl group projects. It was suggested that in the 
case of a-methylacetylcholine (2) the a-methyl group 
might exert a steric effect on the cationic head thereby 
preventing a close drug-receptor association and result- 


ing in decreased muscarinic activity. 
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Beckett pointed out that the hydrolysis of the 
optical isomers of a- and g-methylacetylcholine (2a, 2b 
and 3a,3b) was a complicating factor in the determina- 
tion of their relative muscarinic activity. (See Table 
I.) The muscarine-like molecules are not susceptible 
to cholinesterase hydrolysis and their muscarinic po- 
tencies may be interpreted as being a measure of their 
relative interactions at the muscarinic receptor. It 
was suggested that the much slower rate of hydrolysis 
of L(+)S-8-methylacetylcholine (3a) compensates for the 
deleterious effect of the 8-methyl group on the assoc- 
iation of the molecule with the receptor. The L(-)S- 
isomer of a-methylacetylcholine (2b) probably presents 
a more favorable complementary conformation to the 
active site of acetylcholinesterase than does its enan- 
tiomorph. Beckett suggested that L(-)S-a-methylacetyl- 
choline (2b) might also present a more favorable compli- 
mentary conformation to the muscarinic receptor than 
the D(+)R-isomer (2a) but, owing to the faster rate of 
hydrolysis and inactivation by acetylcholinesterase 
the D(+)R-isomer (2a) appears to exert greater muscar- 
TRICO ACL LULCY 5 

Lesser (1965) investigated the activity of 


D(+)R- and L(-)S-a-methylacetylcholine (2a and 2b) with 
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a view to demonstrate the stereospecificity of the 
nicotinic receptor. The compounds were tested on the 
frog rectus abdominis muscle, the innervated biventer 
cervicus muscle of the chick, the blood pressure of the 
atropinized cat and on the superior cervical ganglion 
of the cat. Little difference in potency was found 
between the isomers. 

Cocolas et al. (1970) re-examined the muscar- 
inic activity of the enantiomeric forms of a- and £- 
methylacetylcholine (2a,2b and 3a, 3b together with 
a,a-dimethylacetylcholine (13) and 8,8-dimethylacetyl- 
choline (14) with the intention of demonstrating how 
the muscarinic receptor and the acetylcholinesterase 
receptor may interact with the choline fragment of 
acetylcholine. (See Table II.) They concluded that 
for optimal muscarinic activity the methyl group should 
not be juxtaposed between the receptor and the bulk 
of the molecule. The facet of the choline fragment 
which faces the receptor is the side which resembles 
acetylcholine. Steric requirements in the vicinity of 
the anionic site of the muscarinic receptor are more 
stringent but less stereospecific than those surround- 
ing the esteratic site. The authors concluded that when 


considering hydrolysis by acetylcholinesterase, the 


sid to Ystoltiseqeosiete sds ststtedomob ot wei¥ & 
aiid no bedesd otsw ebnvogsioo eff .xodqscet oinisooka 
tesnsvid hotsvisuni st ‘etseum axnimebds autos1 port 
$3 %o Stveaerq BOOld ond ADMD oft to el>eum euDtvEse 
folipnsp Iscivieoo soizeqse edt no Sns ts0 besifigorss 
bavot esw yonestoq ni SsonerSsttib sfssid .360 sade Io 
.etemori odd neswied 

-tsoeum sit benimsxs-ox (OY@L) .16 35 eslovod 
-2 Bas -» to amzot oiremotsasne sd3 Io ytivistos oind 
figiw terisepot dé&,st Bans do ,s6S) enilodolyseoslydtem 
-iyssoslydiemtb-§,4 Bas (€1) onilodoiysteosl ydjamib-a,s 
won pnaijstsanomeb to notsasint sit dAgiw ($1) ani Lore 


Sestesgesnilorioiyjeos sit bas rotqeSet Sinizsosum saz 


to tnseips1t saifono edt dotw tostesni yam 1o3@s00% 


$end. bebilonoo yodT .(.II sidsT 958)’ .sntfodolyseos 
biuore quoxp {ydtem sii ytivisos, oianixzsoenum femitgo 1O® 


“aind sd bas todqssex odd neewied beaogsdxut ed dom 


toomys 12 ‘anktorto ony Jo toosi oft '. 9fu98Lom’ oil Yo" 


ee 


i) 


+ 





r 


z 
a 


j 
5 
ee 


— 





16 


9¢‘GG¢‘¢e€ soebed uo pepz0cdez 


erie spunodulios esayz Jo seaznzonazqs aejetduoos (e 


Uae T00°O (+) (VT) Yoventp-9‘9 
6°ST 060°0 ~a (~ jl (qe) 
Doe c08°0 =§ (+957 (Be) 
al a 4 ceo o (#) (€) Yowen-s 
L°9€ SZ00°0 (+) (€T) YOveWTp-»‘0 
Ray S700°0O -S(~)1 (GZ) 
Eta] 07c0°0 -u(+)d (87) 
6 BL 6€€0°0O (+) (Z) YOVew-? 
0000° T=4OV 
OOT=4OV . wuneTT 
stsATozrpAyH Fo 33eyY 6td-esutny ZTOUOST » PunoduioD 


(OL6T ‘*Te 38 SeTOD0D 03 butpzoooy) (PT) eUuTTOYOTAJSOeTAYQOWTAa-g'g pue (ET) SUTTOYOTAZe0R 
-TAyZoutq—-0/0 (qe’eEg pue qz‘ez) szawosz~ [TeoOT}dO eATROSedsoy ATSUL (€ PpUe Z) SsUTTOYOTAREDe 
-TAyzeW-g pue -» Jo sserezZsouTToyoOTA,soy Aq stsATorpAH Jo ojey pue AATATRIOYW OTUTIeOSNW SUL 


IIT 9TdeL 





- | , II oldsT 


~tyigali~s Bas “© Lo searetasaifodetvsooA vd abiyionbge Bb 4 
f=n,o (G6, 5 Bas dS so) exanoet {Koitqod wtediedaen 








aiayloxbyH to 9dsA pLq-senivo xemoel 


OOf=AisA myo 
0000s1=toA 
fi 
ear efe0.0 (4) 
E.f3 Ob€O.0 - -a (+) 
Tats 2b00.0 ~2 (=) 
v.22 #600 +0 (8)! 
$.ts S$8.0 (4) 
v.2n £08,0 ‘8 (4+)a 
— @.2L oe0.0 -a(=)q 
a | 
O.$S 100.0 | (+) 


a2,22,€ esspsq no bebucosr 916 % 





ny) 


compounds that have the greatest affinity for the 
enzyme receptor area have the same configuration. 
Methyl substitution in the vicinity of the anionic 
Site does not as profoundly affect the ability of the 
compound to be hydrolyzed as does substitution adja- 
cent to the esteratic site. 

Finally the authors concluded that the muscar- 
inic receptor of the guinea-pig ileum and the enzyme 
receptor area of bovine erythrocyte acetylcholines- 
terase each best accomodate one isomer of an enantio- 
meric pair. The muscarinic site accommodates the R 
configuration at the a-carbon and the S configuration 
at the 8-carbon of the choline moiety, while the 
enzymatic site will react more favorably with the S 
and R configuration respectively. 

Two interesting rigid analogues of acetylcholine 
have been synthesized namely cis- and trans-2-acetoxy- 
cyclopropyltrimethylammonium iodide (15 and 16) 
(Armstrong et al., 1968; Cannon et al., 1972; Chiou et 


al., 1969). 


aP ¢ oh 


CH.,COO N(CH3) 3 xX CH3COO N(CH) xX 


(15) (16) 
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These compounds were regarded as being hybrid analogues 
Of a- and g-methylacetylcholine (2 and 3). The trans- 
isomer (16) was primarily muscarinic in its activity 
and therefore was regarded more as an analogue of £- 
methylacetylcholine (3). The trans-isomer (16) showed 
marked stereospecificity the (+)-isomer being equipo- 
tent with acetylcholine. This stereospecificity was 
actually greater than that observed with g-methyl- 
acetylcholine (3) or L(+)-muscarine (7). The authors 
suggested that trans-2-acetoxycyclopropyltrimethyl- 
ammonium iodide (16) served to define the geometry of 


ae 
the -NMe 


3 and -O- groups (torsion angle approximately 
180° and separated by 3.8A°) and a relative area for 
binding of the acetyl group in the bound conformation 
of acetylcholine. 
The preceding discussions on the properties of 
a- and §-methylacetylcholine (2 and 3) and related 
compounds may be summarized as follows: 
1. A three point muscarinic receptor may exist for 
acetylcholine (Figure 2). Sites 1 and 2 on the 
receptor form the two main sites for drug-re- 


ceptor interaction. Site 3 is a secondary site 


of association. 
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2. The muscarinic activity of g-methylacetylcholine 
(3) resides almost exclusively in the L(+)S- 
isomer (3a). The D(+)R-isomer of a-methylacetyl- 
choline (2a) is slightly more active than its 
enantiomorph in regards to muscarinic activity 
but this may be due to a difference in rates of 
hydrolysis by acetylcholinesterase. 

3. Substitution on the g-carbon atom results in 
2O8S) OL HLCOLAMUC CaCLAIVILY . 

4. a-Methylacetylcholine (2) shows little stereo- 
specificity in regards to its nicotinic activity. 

9. The -NMe , group and -O- groups of acetylcholine 
may bear a trans (180°) relationship to each 


Other and be separated by 3.8 A®. 


A number of authors have investigated the chol- 
inergic properties of alkyklamino-esters in order to 
define the structural requirements for interaction at 
the muscarinic and nicotinic receptors. In these com- 
pounds the positions of the carbonyl and ethereal 
oxygens atoms may be regarded as being 'reversed' when 
compared with the acetylcholine derivatives. Of par- 
ticular interest is the early work in which the reversed 


esters of acetylcholine, a-methylacetylcholine and g- 
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methylacetylcholine, namely methyl 3-dimethylamino- 
propionate methiodide (4), methyl 3-dimethylamino- 
butyrate methiodide (5) and methyl 3-dimethylamino-2- 
methylpropionate methiodide (6), were investigated. 
Bass et al. (1950) made an extensive pharmaco- 
logical investigation of the reversed ester of acetyl- 
choline (4) in an attempt to investigate the effect of 
reversing the position of the carboxyl group of acetyl- 
choline. The ester (4) showed striking quantitative 
and qualitative similarities to acetylcholine in many 
of its effects. The results of acute toxicity studies 
in white mice indicated that death was apparently due 
to respiratory arrest. The mice exhibited extreme 
salivation, lacrimation, defecation and urination 
followed by muscular tremors which developed into 
clonic convulsions. The LD, 5 (oral) was 87 mg/kg; 
(intraperitoneal) 6.7 mg/kg. The effects on the cir- 
culatory system were evaluated on the blood pressure 
of anesthetized cats, and in situ on the perfused frog 
heart. The ester was equipotent with acetylcholine 
producing a brief and immediate fall in blood pressure 
when injected intravenously. The depressor effect was 
blocked by atropine, following which a nicotinic stim- 


ulant action quantitatively similar to acetylcholine 
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was noted ..An injection of 0.1 ug of the ester (4) 
caused a decrease in amplitude and rate of heartbeat 
equivalent to the effect observed with 0.02 ug of 
acetylcholine. 

In vitro experiments were carried out on the 
rabbit and guinea-pig ileum. Acetylcholine and its 
reversed ester (4) were equiactive and their contrac- 
tile effects were blocked by atropine. The ester (4) 
appeared to have a less miotic activity than £-methyl- 
acetylcholine (3) when applied topically to the rabbit 
pupil. The ester (4) had no capacity to enhance or 
antagonize the effects of d-tubocuranine Enzymatic 
Studies showed that methyl 3-dimethylaminopropionate 
methiodide (4) was not hydrolyzed to any appreciable 
extent by acetylcholinesterase and it did not inhibit 
the enzyme. These results were confirmed by Barrass 
et al. (1968). The authors concluded that reversing 
the position of the carboxyl group in acetylcholine 
did not materially affect potency with respect to the 
muscarinic receptor surfaces, but greatly altered 
activity as a substrate for the protein surfaces of 
acetylcholinesterase. 

The same workers investigated the properties of 


the reversed esters of a- and 8-methylacetylcholine (5 
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and .o) ,lochueler et al., 1951, "l95la; Schueler and 
Keasling 1951). They reported that these compounds had 
no more than 0.0001 the activity of their respective 
acetylcholine analogues in regard to depressor, gut 
stimulant and salivary secretory properties. Neither 
of the esters (5 and 6) were shown to act as substrates 
for cholinesterase or to inhibit the hydrolysis of 8- 
methylacetylcholine (3). However, our experiments 
(Biggs et al., 1971) showed that the reversed esters 

of a- and g-methylacetylcholine (5 and 6) had .01 the 
muscarinic activity of acetylcholine when evaluated on 
the rat blood pressure and guinea-pig ileum. The re- 
versed ester of ®-methylacetylcholine (6) had neglig- 
ible nicotinic activity but, the reversed ester of a- 
methylacetylcholine (5) was equipotent with its acetyl- 
choline analogue in regard to its nicotinic activity. 


(See Tables VIII, XI and X.) 


A number of authors have studied the S.A.R. of 
several series of compounds related to the reversed 
esters of acetylcholine. Barrass et al. (1968) in- 


vestigated the activity of two groups of compounds 


a 
with the general structures RN (CH,) COR X and 
+ -~- 
RN (CH) CONR; X in order to provide additional 
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information on the relative spatial arrangements of 
sites 1,2 and 3 of the muscarinic receptor proposed by 
Beckett et al. (1963a). From pharmacological data and 
an examination of molecular models of the acetates 

and propionates (n=l or 2) the authors postulated that 
interactions were at sites 1 and 2 of the muscarinic 
receptor, the quaternary nitrogen atom interacting at 
site 1 and either the carbonyl oxygen or ester oxygen 
at site 2. No interaction at site 3 appeared to be 
possible. Models of the butyrates (n=3) showed that 
the carbonyl oxygen could interact at site 2 or 3. The 
observation that no simultaneous interaction was poss- 
ible at sites 1, 2 and 3 was assumed to be the reason 
for low muscarinic activity. 

All the compounds investigated had relatively 
high nicotinic activity compared to acetylcholine. 
From models Barrass et al. (1968) proposed that the 
nicotinic receptor had at least two essential sites 
separated by 4-4.5 A°. Other studies conducted on the 
pharmacological activities of tertiary and quaternary 
amino-esters have been undertaken by Brimblecombe and 
Rowsell (1969), Coutts et al. (1969, 1971) and 
Porszasz et al. (1961). None of the compounds investi- 


gated showed any appreciable activity. Coutts et al. 
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(1969, 1971) also investigated the effect of converting 
the ester function to a hydroxamic acid. Only one of 
the compounds investigated showed noteworthy pharmaco- 
logical activity, namely 2-methy1-3- [1-(4-phenylpiper- 
idino) ]propionohydroxamic acid hydrochloride (17) 
(Midha et al., 1970). This was found to be a ganglion 
blocking agent. A number of other compounds related 

to the reversed esters of acetylcholine have been pre- 
pared and tested pharmacologically by Selley (1971) 


and Towill (1971). 
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PHYSICO-CHEMICAL ANALYSES 


X-ray Crystallography 


X-ray crystallographic analysis has been per- 
formed on many muscarinic, nicotinic, anticholinergic, 
and ganglion blocking agents. The results of this work 
have been the subject of several reviews (Baker et al., 
1971; Chothia, 1970; Chothia and Pauling, 1970a; Shefter, 
1971). As pointed out by Shefter (1971) one of the 
most important considerations in the interpretation of 
this type of data is that, to date, there is no known 
correlation, simple or complex, between the molecular 
structure of acetylcholine in a crystal, in solution or 
at the receptor site. The structural data obtained 
from x-ray analysis studies are useful for understanding 
the conformational properties of cholinergic compounds. 
When combined with spectroscopic and biological data 
these studies provide insight into the conformational 
preferences of various acetylcholine analogues. 

The spatial distributions of the atoms of a 
molecule are described in terms of torsion angles. A 
torsion angle relates the orientation of two atoms or 


groups of atoms (A and B) about a covalent bond (X-Y). 
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Angles of 0°, +60°, +120°, 180°, -120°, -60° are de- 
Signated as synperiplanar (sp), +synclinal (+sc) (gauche), 
tanticlinal (+ac), antiperiplanar (ap) (trans), -anti- 
Clinal (-ac) and -synclinal (-sc) (gauche) respectively 
(Shefter, 1971). In making structural comparisons be- 
tween analogues of acetylcholine it is sufficient to 
use four torsion angles. (See Figure 3.) 

A summary of the cholinergic compounds whose 
crystalline structures have been determined by x-ray 
analysis and the type of activity which they exhibit is 
Presented in Table III. It is not possible to dis- 
cuss each structural analogue in this review. It has 
been shown that a gauche relationship exists between 
the -N(CH3), and —OCOCH, groups or their equivalent in 
the crystal state of these compounds (Shefter, 1971). 
The compounds which are of particular interest in these 
studies are acetylcholine, a-methylacetylcholine (2) 
and 8-methylacetylcholine (3). 

The acetylcholine molecule has been shown to 
have several stable conformations (Canepa ec al., 1966; 
Chothia and Pauling, 1968; Liquori et al., 1968a; 
Herdklotz and Sass, 1970). The crystal structure of 
acetylcholine bromide was determined by Canepa et al. 


(1966). (See Figure 3.) 
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Figure 3: A perspective drawing of the molecule of 
acetylcholine showing numbering and the four torsion 
angles which are the four parameters of the conforma- 
tion of the molecule. (The conformation shown is 
that proposed as relevant to the muscarinic receptor 
and is similar to that observed in crystals of the 
chloride.) (Baker Be Ble) ol9 71) 
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The conformation of the potent muscarinic agon- 
ist L(+)S-8-methylacetylcholine iodide (3a) was deter- 
mined by Chothia and Pauling (1969). (See Figure 4.) 
The conformation is the same as that determined in 
Solution by p.m.r- Stugmes (Casy et al., 1971). The 
conformation is synclinal at 12 and 13=147° because of 
the close contact of the g-methyl group and the car- 
bonyl oxygen. 

D(+)R-a-Methylacetylcholine iodide (2a) was 
shown to have two stable conformations (Chothia and 
Pauling, 1969a). (See Figure 5.) The major difference 
between the two conformations was that the torsion 
angle 0(1)-C(5)-C(4)-N of molecule A was +90° and that 
of molecule B was -148°. The presence of two conforma- 
tions in this compound in a single molecule, one syn- 
clinal and the other between anticlinal and antiplanar, 
is evidence of the lability of these molecules and their 


property of multiple stable conformations. 
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SC @—-4 


Figure 4: Crystal structure of L(+)S-8-methylacetylcholine 
iodide (3a). (Chothia and Pauling, 1969) 
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Molecule A Molecule B 


Figure 5: Diagramatic representation of the two confor- 
mations of D(+)R-a-methylacetylcholine (2a) in the crystal 
state. (Chothia and Pauling, 1969a) 





S7 


From work on a series of muscarinic and nicotinic 
agonists Chothia (1970) arrived at a series of conclu- 
Sions about the interaction of these drugs at the chol- 
inergic receptors. Firstly, the conformations of acetyl- 
choline relevant to the muscarinic and nicotinic recep- 
tors are similar (Chothia, 1970; Chothia and Pauling, 
1968). ‘(See Figure 6.) 

Secondly, muscarinic receptors allow some varia- 
tion in the conformation of agonists; observed values of 
tN-C4-C5-Ol are all between positive synclinal and posi- 
tive anticlinal. The conformation of the muscarinic 
agonist carbamoylcholine bromide (19) (Barrans and 
Clastre, 1970) is the only known example of a potent 
muscarinic agonist where the torsion angle is approxi- 
mately 180°. For nicotinic molecules the torsion angle 
tN-C4-C5-Ol or its equivalent is positive synclinal 
(v+75°) and 1tC4-C5-01-06 is antiplanar (180°). 

Thirdly, from a comparison of the molecular 
structure of acetylcholine with those agonists of high 
specific potency at nicotinic or muscarinic receptor 
sites he suggested that different groups of the acetyl- 
choline molecule interact with these different types of 
receptors. A detailed analysis of the muscarinic 


agonists L(+)-muscarine (7) (Jellinek, 1957), L(+)S-B- 
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Figure 6: Acetylcholine in the conformation relevant to 
the muscarinic and nicotinic receptors. (Chothia, 1970) 
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methylacetylcholine (3a) (Chothia and Pauling, 1969) and 
trans-(+)-2-acetoxycyclopropyltrimethylammonium (ACTM) 
(16) (Chothia and Pauling, 1970) showed that preserva- 
tion of the structural features of the methyl side of 
acetylcholine was necessary for activation of the mus- 
Ccarinic receptor by muscarinic agonists. (See Figure 7.) 

In all these structures the methyl side of 
acetylcholine is preserved whilst the carbonyl side is 
blocked. Thus in L(+)S-8-methylacetylcholine (3a) the 
8B-methyl group and in ACTM (16) the methylene group 
limit the possible interactions of the quaternary 
nitrogen group and the carbonyl oxygen. Similarly in 
L(+)-muscarine (7) the ring atoms block the interactions 
in the region between and around C5 and O02. However in 
this case muscarine does not contain a carbonyl group. 
Also it has been argued (Waser, 1961) that muscarine 
retains the carbonyl oxygen of acetylcholine in the form 
of the OH group. Since this hydroxyl oxygen is 1.4 A° 
further away from the N-Ol axis in muscarine than the 
carbonyl oxygen of acetylcholine itself, the two groups 
cannot be regarded as comparable. 

Chothia, (1970) also compared the crystal 
structure of the potent nicotinic agonists DL-lactoyl- 


choline iodide (20) (Chothia and Pauling, 1968), 


ee 


sf) mutstenaaton 


(MPDA) muinommalydstemixt lyqorqoloyoyzos9aB5-S$ - (+) — ensizt 













3 
~ 
a 
, int 
S 
a 
we 
Laeall 
Lal 
so 
5 
fn 
rc 
e 
n 
Qn 
- 
~ 
od 
nh 
u 
o 
Ho 
be 
QO 
> 
i 
— 
~~ 


’ r ; * 7 . am * tb ele f yj 
~sviseetg tsd3 bewode (0TeL  .pniived bas stditodd) (at) 
. Ne 
Zo sbie fyritem oft to asiptset.Isxpdovrse sit to aoks 


~eaum efit to noittsvitos tot yxeaeeosn 2asw snilodolyge 


(.¥ saupid sec [10 oetm Ya 103qs097 
5 Hie ivdtsm sis ‘souts2 93285 5B al 
2i S8DiG ivnNodai ») sont : LIGN Bs 32 LC =291 
efit (s€) enilodolyteos tom-8-2S JI ni eve 
quomp snelydjem sat (al) MTDOA ni bas quorp ? 
TSiTy j . =T8. 2 - c ec wane ald 7 
‘TL inslimecea ; VITOR: adi bas quot 
anoijosrssgat srt Dic oni i+ (V) sant 3 
oL xwSVvewoH .£0 Bas > bau bis asawisd aocins 
squotp Lynodis> «£ Btnoo gon e9s0b satzsoeum 925 


enitsveum tgedj (Lee! ,.+1s2sW) Boeupyrs nased 2asH 33 


{4 


mzo2.ecd3 ni anilonolyjsos to aspyxo Ivnaodx 


wl, 
w 
2 


°A &.1 ei mopyxo Lyxouhyd aids soni2 -quoip HO ¢ 










eds asit sniiso eum as eixs [O-M oft moti yews seid® 
a 


quoup ows eis ,tiseti enifonolyjevs to AOPYRO — 16: 


7 ; 
La ® 4 





-sidsisqmo5 ‘es Satianipet od J 


_ . ; a — 
il 


2 — 






40 





Figure 7: A schematic drawing of the superposition of 
the muscarinic agonists on the conformation of acetyl- 
choline. (Chothia, 1970) Atoms common to the agonists 
and acetylcholine are numbered as in Figure 3. Atoms 
belonging to L(+)S-f8-methylacetylcholine (3a) are 
labelled as 8, to L(+)-muscarine (7), M and to trans- 
(+) -acetoxycyclopropyltrimethylammonium (16), ACTM. 
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D(+)R-a-methylacetylcholine (2a) (Chothia and Pauling, 
1969a) and 1,1-dimethylphenylpiperazinium iodide (DMPP) 
(2) (Chothia, 1970: Chothia and Pauling, 1970b). (See 


Figure 8.) 


i / \ os 
N N 
(CH) 3NCH.CH,OCOCHOHCH , Non 
a 3 


X 
(20) (21) 


Superposition of the acetylcholine residue of 
these structures revealed that the carbonyl side of 
acetylcholine is preserved and the methyl side is 
blocked. The a-methyl group of D(+)R-a-methylacetyl- 
choline (2a) and the C6 of DMPP (21) severely limits 
the possible interactions of the ester oxygen Ol or the 
equivalent N2 in DMPP with the quaternary ammonium 
group. The hydroxyl and the methyl groups on C7 in 
lactoylcholine (20) block the possible interactions of 
C7. Blockade of the carbonyl side occurs in the muscar- 
inic agonists and explains their lack of nicotinic 
activity. Similarly blockade of the methyl side in 
nicotinic agonists explains their lack of muscarinic 
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Figure 8: A drawing of the superposition of the nicotinic 
agonists. (Chothia, 1970) Atoms common to the agonists 
and acetylcholine are numbered as in Figure 3. Atoms 
belonging to lactoylcholine (20) are labelled as LC, to 
1,l-dimethylphenylpiperazinium iodide (21), DMPP and to 
D(+)R-a-methylacetylcholine (2a), a. 
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Chothia (1970) concluded that the methyl side of 
nicotinic agonists or its equivalent and the carbonyl 
side of muscarinic agonists or its equivalent are only 
necessary for activity in so far as they hold the groups 
on the other side of the molecule in the correct three- 
dimensional arrangement. The essential structural 
features of a nicotinic agonist were a quaternary nit- 
rogen group and a carbonyl group (or its equivalent). 
The essential structural features cf muscarinic agonists 
included a quaternary nitrogen and a methyl group. 
Therefore an oxygen function was not necessary for 
muscarinic activity. 

A comparison of the structural features of 
acetylselenocholine (23), acetylthiocholine (24), 
acetylthionocholine (25), exrythro=-a(kR)—s (S)-dimethyl- 
acetylcholine (18) and threo-oa (R)-8(R)-dimethylacetyl- 
choline (22) with their relative potency as muscarinic 
agents led Shefter (1969) to suggest that the elec- 
tronic make-up of the ester linkage as well as the 
N-C-C-O and C-C-O-C conformations is important in de- 
termining cholinergic activity. 

There have been several attempts to determine the 
conformation of cholinergic compounds at the active 


site of acetylcholinesterase. Pauling (1968) and 
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Chothia and Pauling (1969b) examined the structures 

of L(-)S-a-methylacetylcholine iodide (2b), D(+)R-a- 
methylacetylcholine iodide (2a), L(+)S-8-methylacetyl- 
choline iodide (3a), D(-)R-8-methylacetylcholine 

iodide (3b), acetylthiocholine bromide (24) and acetyl- 
selenocholine bromide (23). It was proposed that only 
one conformation of substrate at the enzyme surface 

was essential for hydrolysis to take place. The con- 
formation of acetylcholine relative to the active site 
of acetylcholinesterase was proposed to be 1C5-C4-N-C3=180°, 
tO1-C5-C4-N=150°, 1C6-O1-C5-C4=-150° to -180° and 
tO2-C6-O1-C5=0°. The orientations of the methyl groups 
are approximately staggered in this conformation. It 
was also suggested that the synclinal conformation of 
the N-C-C-O group is stabilized by electrostatic inter- 
actions between the positive nitrogen atom and the 
slightly negative ester oxygen atom. The authors 
thought that it was necessary for this interaction to 
be broken for the ester to hydrolyze and that this was 
done by interaction with the enzyme in such a way that 
the torsion angle O1-C5-C4-N is +150°. This moves the 
ester oxygen Ol from a position 3.15A° distant from the 
nitrogen to a position approximately 3.6A° distant from 


the nitrogen. 
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Shefter et al. (1970), suggested that substrates 
having a value other than +150° can be hydrolyzed by 
acetylcholinesterase. They examined the structures of 
erythro- and threo-a,f-dimethylacetylcholine (18 and 
22). The authors suggested that their hypothesis was 
confirmed by the work which has been performed on rigid 
analogues (Chiou et al., 1969; Robinson and Belleau, 
1969; Smissman et al., 1966; Stephen et al., 1972) and 
also by recent studies on the muscarinic receptor 
which imply a dual mode of substrate binding, in which 
a common anionic site which is flanked by two loci for 
polar and nonpolar side chains (Belleau, 1970; Moran 
and Triggle, 1970). Shefter suggested that factors 
such as electronic features of the ester linkage and 
steric repulsion between the choline moiety and the 
enzyme surface are probably as important as the tl 
angle in influencing kinetic processes involved in 
acetylcholinesterase hydrolysis and cholinergic activ- 


Lt. 


Theoretical Analyses 
The conformations proposed from x-ray analyses 


have been confirmed using several theoretical approaches. 
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Liquori et al. (1968, 1968a) have calculated the mini- 
mum energy conformations of L(+)-muscarine (7) and 
acetylcholine. They showed that there are four mini- 
mum energy conformations for acetylcholine which are 
separated by an energy barrier of less than 1 kcal/mole. 
The conformation with the least energy was the one 
found in acetylcholine bromide crystals (Canepa et al., 
1965). The conformation of L(+)-muscarine with the 
lowest energy was the one observed in the x-ray anal- 
ysis (Jellinek, 1957). 

The conformational and electronic properties of 
acetylcholine, L(+)-muscarine (7) and nicotine (8) 
have been investigated by the quantum mechanical method 
of perturbative configuration interaction using 
localized orbitals (Pullman et al., 1971). The re- 
sults obtained were in satisfactory agreement with the 
experimental data found by x-ray analyses. 

Extensive use has been made of molecular orbital 
calculations by Kier’ § (1967, 1968, 1970, 1971). In 
this method the total energy of the molecule is eval- 
uated by the linear combination of atomic orbitals. 

The calculation was carried through for all the com- 
binations of torsion angles so that a plot of total 


molecular energy against the torsion angle was obtained. 
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The minimum energy corresponds to the preferred con- 
formation. Kier calculated the preferred conformation 
of acetylcholine, L(+)-muscarine (7), oxotremorine (12), 
nicotine (8) and other molecules active in the cholin- 
ergic system. The calculation for L(+)-muscarine (7) 
and acetylcholine revealed a preferred conformation 
which was very similar to that reported in the litera- 
ture based upon x-ray analyses. From this and other 
data, Kier (1967) proposed a receptor pattern for mus- 
carinic agents which very closely ressembled that pro- 
posed by Beckett et al. (1963a) who used pharmacolog- 
ical data to reach their conclusions. (See Figure 9.) 
Kier (1970) also showed that the potent central acting 
cholinergic compound oxotremorine (12) fitted this pro- 
posed muscarinic ‘chromophore’. 

Using molecular orbital calculations two equally 
preferred conformations were shown to exist for nico- 
tine (Kier, 1968). Kier proposed that there are two 
key features necessary for a nicotinic agonist. 

(See Figure 10.) 

Beers and Reich (1970) examined Dreiding and CPK 
spacefilling models of compounds which affect nico- 
tinic and muscarinic receptors. They suggested that 


the nicotinic and muscarinic specificities of cholin- 
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Figure 9: Calculated muscarinic chromophore based on 
the conformation calculated for acetylcholine and mus- 
Carine (7). (Kier, 1967) 


Figure 10: Key features of nicotinic acting molecules. 
(Kier, 1968) 
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ergic receptors can be understood in terms of inter- 
actions based on two different combinations of func- 
tional groups in the transmitter substance, acetyl- 
choline. The authors proposed that specific binding of 
nicotinic agents to their receptor is mediated by two 
elements: a) a coulombic interaction involving the 
alkylammonium moiety and b) a hydrogen bond which de- 
pends on an acceptor group in the drug and is formed 
approximately 5.9A° from the centre of the positive 
charge. In the muscarinic series of the functional 
groups which define interaction are: a) a quaternary 
ammonium group or its equivalent and b) an unshared 
pair of electrons which can mediate the formation of 

a hydrogen bond at approximately 4.4A° from the centre 
of the positive charge. In addition, the interaction 
at muscarinic sites is strongly reinforced by a suit- 
ably located alkyl residue. The position of this res- 
idue may correspond to that of the methyl group in the 


acetyl moiety of acetylcholine. 


Spectroscopic Studies 


Infrared and proton magnetic resonance studies 


have been used to determine the conformation of cholin- 
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Srozcemolecuies, particularly in solution. Infrared 
data (Fellman and Fujita, 1962, 1963, 1966; Martin-Smith 
Sted ie pelos; acrsy @erral,, 19/1) “provides. additional 
evidence that acetylcholine shows a preference for a 
gauche *N/O conformation. 

A p.m.r. study of the solute conformation of 


acetylcholine in D,O has also provided good evidence 


2 
for a preferred gauche conformation (Culvenor and Ham, 
1966). Casy et al. (1971) reported some spectroscopic 
studies of solute conformations of a- and g-methyl- 
acetylcholine (2 and 3). They concluded that §-methyl- 
acetylcholine (3) displayed marked conformational 
preference in which a gauche *n/O interaction existed. 
a-Methylacetylcholine (2) did not exhibit any conforma- 
tional preference in this study. 

By combining the results of p.m.r. studies and 
molecular rotational data Inch et al. (197) have 
suggested that 8-methylacetylcholine (3) has a similar 
conformation in solution to that found in the cryst- 
alline state. With a-methylacetylcholine (2) the p.m.r., 
molecular rotational and x-ray data indicate that two 
or more conformations are equally preferred and the 
preferred conformation in solution and crystal lattice 


may differ. 
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The preceding physico-chemical studies may be 


summarized as follows: 


ie 


A gauche relationship exists between the 
+ 


-N(CH3) 3 and -OCOCH 3 groups or their equiva- 
lent in the crystal state of most choliner- 
gic compounds. 

The methyl side of muscarinic agonists and 
the carbonyl side of nicotinic agonists must 
be preserved for activity. 
B-methylacetylcholine (3) appears to have one 
preferred conformation in the crystal and 
solution state. 


a-methylacetylcholine (2) may exist in more 


than one preferred conformation. 


But it must be remembered that although the pre- 


ceding studies have established the conformation of 


cholinergic compounds in the solid and solution state 


there is no direct evidence that these preferred con- 


formations are the preferred conformation at the chol- 


inergic receptor. 


Isolation of the Cholinergic Receptor 


Several attempts have been made at isolating and 
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determining the nature of the acetylcholine receptor 
however the results have not been conclusive. (See 
reviews by Beychok, 1965; Ehrenpreis, 1967; Garland and 
Durell, 1970; “Nachmansonn, 1970; Smythies, 1970; 
Turpajev, 1963; Waser, 1963). There is evidence that 
the receptor for acetylcholine includes protein, cal- 
cium ions and phospholipid (Garland and Durell, 1970). 
De Robertis and De Plazas (1970) have established that 
in the electroplax membrane the acetylcholinesterase 
and the acetylcholine proteolipid are different macro- 
molecules. A detailed discussion of this area of 
research is beyond the scope of this thesis. 

The following study was undertaken to investigate 
further the nature and stereochemical requirements of 
the muscarinic and nicotinic receptors. 

A comparison of 'Framework' molecular models of 
the reversed esters of acetylcholine and its a- and 
8-derivatives (4,5 and 6) with the models of their 
respective acetylcholine analogues (1,2 and 3) suggested 
that it was possible for all three of the reversed 
esters to fit at least two of the receptor sites of the 
muscarinic receptor proposed by Beckett et al (1963a). 
However, whilst the reversed ester 4 was known to be 


equipotent with acetylcholine (Bass et al., 1950) the 
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reversed esters of the a- and g-derivatives (5 and 6) 
had been reported (Schueler et al., 1951, 195la; 
Schueler and Keasling, 1951) to have less than0.0001 of 
the activity of their respective acetylcholine analogues. 
It was therefore decided to synthesize these esters 
(4,5,6) and investigate their pharmacological activity 
in an attempt to account for this discrepancy. The 
preliminary results showed that the reversed esters or 
a- and §8-methylacetylcholine (5 and 6) were much more 
active than reported previously (Biggs et al., 1971). 

In view of the activity shown by the reversed 
esters (5 and 6) it was decided to examine the activity 
of these compounds further and to synthesize and examine 
the activity of their optical isomers (5a,5b and 6a, 
6b). It was hoped this would lead to a better under- 
standing of the interactions of these compounds with the 
muscarinic and nicotinic receptors and provide more in- 
formation about the stereospecificity of the respective 
receptors. In particular it was hoped to Gait. iat Or 
mation on the importance of methyl substitution at the 
a- and B-carbon atoms of the reversed esters. The 
optical isomers of a- and 8-methylacetylcholine (2a,2b 
and 3a,3b) were synthesized and evaluated pharmacolog- 


ically for comparative purposes. 
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Newman projections of the compounds investigated 
are presented in Figures 1l and 12. Although there is 
no evidence to suggest that these isomers exist in the 
qauche conformation at the receptor sites, they have 
been presented in this conformation to make comparisons 
easier. From these diagramatic representations it was 
noted that the functional groups of D(+)R-methyl 3- 
dimethylaminobutyrate methiodide (5a) were in the same 
relative conformation as those of the more active 
isomer of a-methylacetylcholine (2a). Similarly 
L(-)S-methyl 3-dimethylamino-2-methylpropionate meth- 
iodide (6a) is related to the active isomer L(+)S-8- 
methylacetylcholine (3a). If the acetylcholine anal- 
Ogues and their reversed esters act in the same manner 
at the cholinergic receptors the activity and stereo- 
specificity shown by the optically active esters (5a 
and- 6a)- should be related to; the activity of the we- 
spective more active isomers of a- and s-methylacetyl- 
choline (2a and 3a). 

In addition to the above studies the structure 
activity relationships of a series of esters and deriv— 
atives related to the reversed acetylcholine analogues 
were investigated. The compounds synthesized had the 
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a-Methylacetylcholine (2) 
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Figure 1l: Newman projections of the optical isomers of 
a-methylacetylcholine (2a,2b) and methyl 3-dimethylamino-~ 


butyrate methiodide (5a,5b). 
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8-Methylacetylcholine (3) 
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Methyl 3-dimethylamino-2-methylpropionate methiodide (6) 
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Figure 12: Newman projections of the optical isomers of 
g-methylacetylcholine (3a,3b) and methyl 3-dimethy lamino- 
2-methylpropionate methiodide (6a,6b).- . 
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of 
RR™R*N(CH,) COOR® X . Alteration of the 'R' substi- 


tuents should provide information on the structural 


requirements for cholinergic activity in these compounds. 
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SYNTHESIS OF METHYL 3-DIMETHYLAMINO-PROPIONATE AND 


-BUTYRATE METHIODIDES 


The tertiary amino-esters required for the syn- 
thesis of the racemic methiodides were prepared by con- 
densation of anhydrous dimethylamine with methyl 
acrylate (Barrass et al., 1968), methyl crotonate 
(Adamson, 1950) or methyl methacrylate (Coutts et al., 
1971) to give methyl 3-dimethylaminopropionate (39), 
methyl 3-dimethylaminobutyrate (40) and methyl 3- 
dimethylamino-2-methylpropionate (41) respectively. 

The mechanism of this addition will be discussed later. 
(See page 84 ,) These tertiary amino-esters were then 
quaternized with methyl iodide (Barrass et al., 1968). 
The colorless crystalline salts; methyl 3-dimethyl- 
aminopropionate methiodide (4), methyl 3-dimethyl- 
aminobutyrate methiodide (5) and methyl 3-dimethyl- 
amino-2-methylpropionate methiodide (6), were found to 


be stable over a prolonged period of time. 
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Rip? 
+! | 7 
a I 
HH 
RI R? 
(4) H H 
(5) CH, H 
(6) H CH, 


These quaternary amino-esters can be regarded as 
being the reversed esters (RE) of acetylcholine (1), 
a-methylacetylcholine (2) and g-methylacetylcholine (3) 


respectively. The structures of the racemates were 


Rip? 
+ 1 Z 
(CH) ,N-C-C-OCOCH,, X 
HH 
RI R? x 
(1) H H CY: 
(2) CH H Ei 
(3) H CH Gt 


verified by microanalysis, i.r., p.-m.r. and mass spectro- 
metry. The i.r. spectra of each compound had a carbonyl 


band within the range 1730-1745 cm + consistent with 
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that expected for an ester. The p.m.c. spectra were 
as predicted; the most diagnostic peaks being those 
due to the -N(CH,) 3 and -COOCH 3 protons. The mass 
spectra of each compound was analyzed in detail. 

(See page 92) 

There are basically two different methods which 
can be employed in the synthesis of optical isomers. 
The first involves the stereospecific synthesis from 
optically pure material of known configuration (Mislow, 
1966). The second method involves the combination of 
racemic material with a dissymmetric reagent producing 
diasteriomers which can usually be separated by frac- 
tional crystallization (Mislow, 1966a). Using this 
second method it is not possible to determine the 
absolute configuration of the isomers obtained. This 
must be done by relating the isomers through stereo- 
specific reactions to compounds of known configuration 
or by using physical methods such as x-ray diffraction. 

There are several systems of configurational nomen- 
clature in use. The oldest one is applicable to mole- 
cules Of the type RCHXR?, where R-C-Rt constitutes 
the main chain of the molecule in the sense Spee belek: 
International Union of Chemistry nomenclature. The 


molecule is so orientated that the No. 1 carbon of the 
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main chain is at the top in a Fischer projection formula. 
Then if X is on the right, the molecule is called "D", 
if X is on the left the molecule is called "L" (Eliel, 
1962). This system has certain disadvantages since 
before a unique name can be established for a compound 
it is necessary to specify how its projected formula 
must be orientated. These difficulties are avoided by 
a system which is based on the actual three-dimensional 
formula of the compound to be named (Cahn, 1964). The 
symbols employed in this system are R (right) and 

S (left). In order to name a compound Xabcd (xX - 
asymmetric atom) the groups are arranged in order of 
priority sequence according to the sequence rules 
(Cahn, 1964; Eliel, 1962). The molecule is then 

viewed from the side remote from d. If a+b>c traces a 
clockwise turn the configuration is R, if anticlockwise 
the configuration is S. Both systems will be used in 


naming the isomers synthesized. 


D(+)R- and L (-73=Mepiry 1 3-dimethylaminobutyrate 
methiodide (5a and 5b) 


The optical isomers of this reversed ester of a- 


methylacetylcholine were prepared by a stereospecific 
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Synthesis from D(-)- and L(+)-alanine (42a and 42b). 


(See Scheme 1.) 
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D(+)- and L(-)-1-diazo-3-phthalimidobutan-2-one 


(45a and 45b) 


Ag benzoate/(CH,CH.) .N 
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D(-)- and L(+)-methyl 3-phthalimidobutyrate 


(46a and 46b) 
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3-aminobutyric acid hydrochloride 


(47a and 47b) 
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CH,0/Pd/C 
CH 
et 2 
(CH) 2NH-C~CH COOH et f 


H 
3-dimethylaminobutyric acid hydrochloride 


(48a and 48b) 


methanol/HCl 
CH 
teed ul 
waite a it | 
(CH,) ,NH : CH, COOCH 3 


H 
methyl 3-dimethylaminobutyrate hydrochloride 


(49a and 49b) 


1) neutralize (NaOH) 


2) CH3I 
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+ | 3 - 
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H 
D(+)R- and L(-)S-methyl 3-dimethylaminobutyrate methiodide 


(5a and 5b) 


Scheme 1 
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3-Aminobutyric acid (15a and 15b) was synthesized 
from alanine (10a and 10b) by application of an Arndt- 
Eisert reaction essentially according to the methods 
developed by Balenovic et al. (1952) and Beckett and 
Casy (1955). The amino group of alanine was first 
protected by condensation with phthalic anhydride 
according to the method of Billman and Harting (1948). 


The amino group was thus protected from attack by the 


O O 
as " i CH, 
5 a | 
H »N-¢-COOH + ———> | N-C-COOH + H.O 
= 
H J ; H 
O 
(42a and 42b) (43a and 43b) 


reagents used in subsequent reactions. The basic 
function was suppressed and the derivative behaved like 
a normal carboxylic acid. It was found that this 
product must be thoroughly dried before proceeding to 
subsequent reactions. 

N-phthaloylalanine (43a and 43b) was converted to 
N-phthaloylalanyl chloride (44a and 44b) by means of 
thionylwchlioride. It has been proposed that the forma- 
tion of the acid chloride occurs in two steps (Roberts 
and ,Caserio,,'1964). The first step involves’ the forma- 


tion of an unstable mixed anhydride which collapses 
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with the attack of the chloride ion at the carbonyl 


carbon. The acid chloride should be stored under vacuum 


0 0 : 
CH, O ‘oy: Cana ©) 
< 13a a“ \ er 
NatcGtzaCeOHet (SOG1, 55” Aeibitar kx +HC1 
I yea 0) 
0 yw { 
0 “*  $=0 
(43a and 43b) 
o 4 
hn CH 


, 2 
N=-¢C = COC] +.80 
1 
i H 


(44a and 44b) 


2 


overnight to remove all traces of hydrogen chloride and 
sulfur dioxide and to prevent atmospheric moisture from 
decomposing the product to the starting acid. 

The dried acid chloride (44a and 44b) was converted 
into the diazoketone (45a and 45b) using an ethanol- 
free solution of diazomethane. An excess of diazo- 


methane was necessary for the reaction to proceed to 


0 O 
a CH " CH 
| 3 | 3 i . 
Bat Gis COCL¢t -2CH,N.. > ~ c - COCH-N=N 
" H i H 
0 O 
(44a and 44b) (45a and 45b) 


+ No + CHCl 


fyaodaso ons 26 sok Sbixoldo edt to dosdae odd dtiw 
musosvy i9bay betota ed blyore sbixolro bios eT swmnodzso 


“3s oO oti 
oO ¢ #9 0 gHo 
Hs : +, =») en 
L3H+ i {902 + HO-D - D - 
A ae went n 
»£5-5 
aw ii 1) 
Oe 2 . nporny 
(deo Das sEb) 
: i he 


(ddi Bas sh) ha 


bas sbixeido asporbyii to asvszt Ila svamsx of Jnpinzsevo 


 mo%2 etutelom olasiiqgeomss tnevetq o¢ bas sbinokS wilde 
-Bbios pnoituste edz of touborg sit paieogmopeb 
bettevaos esw (ddi fas sha) ebixolLds bios baixb efP 4 


~fortbiss ms paben (2b Bes p2b) enosaAocsib ont otad 
“OS6ib to e290x9 nA -Sisisemosetbh lo nolduloe sexi 
9% beeccig ot nokjosex eft 10% yxse2e9Den esw snsritom 








- 


sf et 


67 


completion. The resulting diazoketone exists as a 
resonance hybrid (Cram and Hammond, 1964). Infrared 
evidence (strong band at 2100 cm, due to N=N, Dyer 


(1965)) indicated that (ii) was a major contributor to the 


O O ‘one 
| rT) + ame it = + | + 
Pe Oo Che NE NAR E CBR eS Neo + ee cH: & = N 


(i) (i) Cake 
O 
i ame 
R= N - ; - 
| H 
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hybrid. Infrared evidence also indicated that the diazo- 
ketone decomposed after standing for several hours. The 


band at 2100 cmt 


in the infrared spectrum gradually 
disappeared. The ketone was therefore immediately re- 
arranged without any attempt at purification using a 
modification of the Wolff rearrangement (Newman and Beal, 
1950) to methyl 3-phthalimidobutyrate (46a and 46b). 
The reagent used in this reaction consists of a solution 
of silver benzoate in triethylamine. Newman and Beal 
proposed that the reaction occurs as follows: 
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Pee hae CH.,OH ——RCH.COOCH , 


(46a and 46b) 


The reaction has been shown to proceed with retention of 

configuration (Ingold, 1953). The structure of the ester 
was verified by mass spectrometry. The base peak in the 

mass Spectrum was due to a-cleavage of the molecular 
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The ester (46a and 46b) was then hydrolyzed to 
3-aminobutyric acid hydrochloride (47a and 47b) using 
a mixture of concentrated hydrochloric acid and glacial 
acetic acid. The acid hydrochloride was reductively 
methylated according to the method of Bowman and Stroud 
(1950). The mechanism of this reduction has been re- 
viewed by Emerson (1948). It is probably the Schiffs 


base which is reduced. 


CH OH H CH 
+ | 3 | I { 3 Z 
HN - C- CH. - COOH + CH,O—PHAC =—N =- C= CH. = COOH i 
} ' 
H - H H 
eal 21H] 
(47a and 47b) I 
nai +t fae! oe 
Noa i CH. - COOH 4—H.¢ =N=- C.- CH. ~ COOH + H,0 
2[H] \ am 
H H 7 H oul 
cx 
CH, H CH, 
reacts again N14 - 
Oe CH. = COOH «Ci 
/ 1 
with CHO, CH, H 


then is reduced (48a and 48b) 


As pointed out by Bowman and Stroud (1950), there was no 


evidence of formation of the monomethylated derivative, 
GC 
(no evidence of SN structure in the p.m.r. spectrum). 
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Following established procedures the dimethyl- 
aminobutyric acid hydrochloride (48a and 48b) was then 
esterified, neutralized and quaternized to give the 
optically active D(+)R- and L(-)S-methyl 3-dimethyl- 


RS 
D 


aminobutyrate methiodide (5a and 5b), [a] ate teks 


26.5 


{c 2.51 90% ethanol). and Lo], 


sed et el OO 0e 
ethanol) respectively. The limiting step in the 
synthesis appeared to be the extraction .of methyl 3- 
dimethylaminobutyrate, obtained by neutralization of 
its hydrochloride salt (49a and 49b), from aqueous so- 
lution. Despite the fact that the aqueous solution was 
saturated with potassium carbonate the amino-ester was 
extracted in less than 50% yield. The structure of 
each optical isomer was verified by microanalysis, i.r., 
p-m.r. and mass spectrometry. The i.r spectra showed a 
carbonyl band at 1740 cm > as expected for an ester. 
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The p.m.r. spectra were as predicted with the -N(CH3) , 


and ~COOCH , protons at 6.86 or 6.84 and 6.211 respectively. 
The doublet at 8.51 and 8.501 respectively due to 
CH, 
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N - C - protons appeared as a doublet of triplets in 
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the p.m.r. spectra as a result of additional coupling 
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of the ~-methyl protons with the ~'N (Kawazoe et al., 


1967). The mass spectra exhibited a similar pattern to 
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that described in detail for the racemate. (See page 94,) 


L(-)S- and (D (+) R-Methy1l 3-dimethylamino-2-methy1prop- 


lionate methiodide (6a and 6b) 


The isomers of this ester were prepared by resolu- 
tion of racemic material with a dissymmetric reagent. 


(See Scheme 2.) 
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3-dimethylamino-2-methylpropionic acid 
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2-methyl-3-phthalimidopropionic acid 


(52) 
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brucine 
crystalline mother liquors 
(-)-brucine salt (+)-brucine salt 
(5a) (54) 
HCl HC1L 
precipitate precipitate 
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crystallization crystallization 
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2 | 
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(-)- and (+)-2-methyl1-3-phthalimidopropionic acid 


(55a and 55b) 
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CH 
+P 3 _ 
PSS at ae eh Gi. 
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(-)- and (+)-3-amino-2-methylpropionic acid hydrochloride 


(56a and 56b) 
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CH,0/Pd/C 
aa 
+ ilk 
(CH,) oN sista eile enh 
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3-dimethylamino-2-methylpropionic acid hydrochloride 


(57a and 57D) 


methanol/HCl 
ns 
(CH,) N Poe, Seoees CT 
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methyl 3-dimethylamino-2-methylpropionate hydrochloride 


(58a and 58b) 


1) neutralize (NaOH) 


2) CH1 
CH 
+ | 3 “ 
(Cipla homer loch, is 
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L(-)S- or D(+)R-methyl 3-dimethylamino-2-methylpropionate 
methiodide 


(6a and 6b) 


Scheme 2 
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2-Methy1-3-phthalimidopropionic acid (52) was 
resolved into its optical isomers using brucine. The 
(-)-brucine salt (53) was found to crystallize in almost 
50% yield and had [a]*° 35869 ee 2) eh lor oforn.. 
This result was in reasonable agreement with the liter- 
ature values: [a] <* -39.7° (c 1.50 chloroform) (Beckett 
et al., 1962); [oa] —44, 2° (Balenoyvic and Breqant.. O59) . 
The (-)-brucine salt (53) was neutralized with hydro- 
chloric acid and the resulting precipitate fractionally 
crystallized three times to constant rotation. The 
resulting (-)-2-methyl-3-phthalimidopropionic acid 

25 


(55a) had [ol], —Ssto Ct l.o?, Chiorotorm).... This. rota- 


tion is much lower than that previously quoted in the 


literature: fala “20.1° (c 1.5 chloroform). (Beckstt 
et al., 1962); [a]5’ -24.4° (c 0.98 chloroform) 
(Balenovic and Bregant, 1959). The product obtained by 


these workers may have been contaminated with brucine 
which has [a], ag30° ion ioreatorm) « 

When the mother liquors remaining after removal of 
the above (-)- brucine salt (53) were neutralized with 
hydrochloric acid, there resulted a precipitate of (+)- 
2-methyl-3-phthalimidopropionic acid (54) which when 


2) 


2 
fractionally crystallized three times had [a], +35 36 


(co 1.22 chloroform). It was therefore assumed that 
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complete separation of the isomers had occurred. 

The isomers of 2-methyl-3-phthalimidopropionic 
acid (55a and 55b) were treated in a similar manner to 
that described for methyl 3-phthalimidobutyrate (46). 
L(-)s- and D(+)R-Methyl 3-dimethylamino-2-methylpropio- 
nate methiodide (6a and 6b) had [a]4° -2.50° (c 1.92 
90% ethanol) and rae +2.25° (c 1.90 90% ethanol) 
respectively. The structures of the isomers were con- 
firmed Oy Microanalyais, i.r., D.M.r. and mass spectro- 
metry. The i.r. spectra had two bands at 1715 and 1730 
cm (ester C=O) when recorded in Nujol. However, 
when the spectra were run again in DMSO there was only 
one band at 1730 cm >, It was therefore assumed that 
the ester had crystallized in two forms. The existence 
of two crystalline forms also explains the lower m.p. 
of 93-94° as compared to the racemate which had a m.p. 
113-115°. The p/mim. spectra weneMidentical to that of 
the racemate. The mass spectra exhibited a similar 
pattern to that described for the racemate. (See page 94.) 
Beckett et al. (1962) related (-)-3-dimethylamino-2- 
methylpropionic acid (57a) obtained from the (-)- 
brucine salt to S(-)-isomethadone and it was on this 


basis that the absolute configuration of the two isomers 


was assigned. 
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SYNTHESIS OF 2-DIMETHYLAMINO- ETHYL AND -PROPYL ACETATES 


Acetylcholine chloride (2- dimethylaminoethyl 
acetate methochloride) (1) and g-methylacetylcholine 
chloride (l-dimethylaminoprop-2-yl acetate methochloride) 
(3) were obtained commercially. a-Methylacetylcholine 
(2) (2-dimethylaminopropyl acetate methiodide) was 
synthesized from 2-dimethylaminopropan-l-ol (59) accord- 
ing to the method of Beckett et al. (1963). (See 
Scheme 3,) 

i 
(CH,).N - C - CH.OH 
H 


2-dimethylaminopropan-1l-ol 


(59) Joust 
CH 
a SO ; 
(CH3) N - C - CH,OH I 
H 


2-dimethylaminopropan-1l-ol methiodide 


(60) 
acetic anhydride 
CH 
+ lng 
(CH) ,N sr G = CH,OCOCH, ek 
H 


2-dimethylaminopropyl acetate methiodide 
(2) 


Scheme 3 
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The optical isomers of a- and f-methylacetyl- 
choline (2 and 3) were synthesized using literature pro- 
cedures. The isomers of a-methylacetylcholine (2) were 
prepared from D(-)- or L(+)-alanine (42a and 42b) 
according to the method of Beckett et al. (1963) which 
is summarized in Scheme 4. The rotations of the two 
isomers were in good agreement with those reported in 
the literature. D(+)R- and L(-)S-2-Dimethylaminopropyl 
acetate (2a and 2b) had [a]%* +9.30° (c 5.14 90% ethan- 
ol) and [o]<* -9.60° (c 5.04 90% ethanol) respectively. 
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D(-)- and L(+)- alanine 


(42a and 42b) 
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D(-)- L(+)-2-dimethylaminopropionic acid 


(6la and 61b) 
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ig 


(CH) 2N-C-COOnBu 
H 


butyl 2-dimethylaminopropionate 


(62a and 62b) 


(CH) .N-C-CH, OH 
H 
2-dimethylaminopropan-1l-ol 


(59a and 59b) 


+ 
yee pane OH il 


2 
H 
2-dimethylaminopropan-1l-ol methiodide 


(60a and 60b) 


acetic anhydride 
CH 
Pe ¥ 
eg baie Ser Sele et aL 
H 
D(+)R- and L(-)S-2-dimethylaminopropyl acetate methiodide 


(2a and 2b) 


Scheme 4 
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The isomers of §-methylacetylcholine (3) (1- 
dimethylaminoprop-2-yl acetate methiodides) were sep- 


arated according to the method of Major and Bonnett 


(2935).. (See Scheme 5.) 
rig 
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(66a and 66b) 
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CHI 
CH 
+ wis 
(CH) ,N-CH,-C-OH I 
H 


1-dimethylaminopropan-2-o0l methiodide 


(67a and 67b) 


acetic anhydride 


CH 
+ i 3 3 
eee aay COLE i 
H 


L(+)S- and D(+)R-1-dimethylaminoprop-2-yl acetate methiodide 


(3a and 3b) 


Scheme 5 
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The absolute configuration of these isomers was 
assigned on the basis of the work of Beckett et al., 
(1963) who correlated the L(+)S-isomer to S-lactic acid 


by a stereospecific synthesis. The rotation of the 


L(+)S-isomer (3a), [a]4°°? +25.85° (c 2.04 90% ethanol), 
was in good agreement with literature values. The rota- 
tion of the D(-)R-isomer (3b), [a]4**? -26.60° (c 2.15 


90% ethanol) was also in agreement with literature 
values despite the fact that the intermediate tartrate 
salt did not attain the specific rotation reported by 
Beckett.et al. (1963). The tartrate salt (65) 


obtained in the present synthesis had [a] =? ie ee 


(c 10.87 HO) whereas literature values were fF ea 
-10.84° (c 4.8 H,0) (Beckett et al., 1963); fe ieeees 
+025" (Ce LO.0 HO) \Cocolas et al... 1971). In addition, 
Major and Bonnett (1935) have reported an [a], value = 
-10.7° without stating solvent or temperature. 

The structures of all the acetylcholine analogues 
were verified by microanalysis, i.r., p.m.r. and mass 
spectrometry. Each isomer had a band 1730-1745 cm™* 
in its i.r. spectrum due to the ester C=O. Although 
the resolution of the p.m.r. spectra was not good the 


spectra could be considered to be identical to those 


reported for the racemates (Casy et al., 1971). 
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PREPARATION OF AMINO-ESTERS 


Most of the esters required for this study were 
prepared by one of two general methods i.e. condensa- 
tion of the appropriate amine with the required acry- 
late or with ethyl 4-bromobutyrate. 

The following esters with the general formula 
R-CHR*-CHR*-COOCH , were prepared in good yield by 
condensation of the appropriate amine with methyl 
acrylate, methyl crotonate or methyl methacrylate 
Viable IV), 


Table IV 


Methyl 3-Amino-propionates and -butyrates 


R-CHR*-CHR*-COOCH, 
uf 2 ; 
Compound R R R % Yield 

39 (CH,),N H H quantitative 
40 (CH,),N CH, H quantitative 
41 N 

(CH3) 5 H CH, did and 
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69 : 

(CH,CH,).N CH, H See 
70 (CHCH,). N H CHS 43.4 
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Table IV cont’d 


72 C» H H 
fie 2; CH, H 
74 CL» H CH, 
75 ; ‘y H H 
76 ( * CH, H 
Ta { N H CH, 


Methanol was used as the solvent for the reactions to 
prevent the possibility of transesterification of the 
ester occurring. In order to prevent amide formation 
the reactions were initially stirred at 0°. Where the 
reaction failed to proceed at this temperature the re- 
action mixture was heated under reflux for the minimum 
length of time. Bieber (1954) and Pfau (1967) showed 


that an increase in temperature increased the amount 
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of amide formation, and Coutts et al. (1971) showed 
that prolonging the reaction time also increased amide 
formation. 

A mechanism of this nucleophilic addition was 
Suogesteoeby Piau 1n1967,_ , Pfau indicated that the 


steric requirements of the amine are important in the 


i : re 
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reaction. He was able to condense n-propylamine with 
ethyl acrylate but the reaction with isopropylamine 
failed to proceed. Similar results were obtained in 
our experiments, as the effective size of the quater- 
nary amino group increased the yield decreased. The 
steric requirements of the acrylate ester are also 
important. Howton, in 1945, concluded that the esters 
of acylic acid exhibited a greater tendency to combine 


with primary and secondary bases than do the corres- 
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ponding esters of methacrylic acid. He was able to 
condense aniline with methyl acrylate but not with 
methyl methacrylate. Di-n-butylamine added to ethyl 
acrylate but not to ethyl methacrylate. Friedman and 
Wall (1966) made a more extensive study of the effect 
of introduction of methyl substituents near the reac- 
tive site of vinyl compounds and the subsequent reduc- 
tion in their rate of reactivity with amino compounds. 
They concluded that this reduction might be due mainly 
to steric factors associated with the methyl groups. 
The lower rate of reaction of methyl crotonate as com- 
pared to methyl acrylate must be due to the additional 
steric requirements of the methyl group as well as 

to its inductive effect which results in an altered 
electron density at the reactive site. It has been 
suggested by these workers that the difference in 
rates of reactivity may also be due to a difference in 
the stability of the carbanion involved in the transi- 


tion state of the reaction. (See Table V.) 
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Table V 
Transition State Involved in the Reaction of Acrylates 


with Secondary Amines 


Acrylate Transition State Type of Carbanion 
+ _ 
methyl acrylate RR'NH-CH.-CH-COOCH , secondary 
ob - 
methyl methacrylate Se aN ta tertiary 
CH, 
+ _ 
methyl crotonate RR ' NH~CHCH .~CH-COOCH 3 secondary 


The transition state of methyl acrylate and methyl cro- 
tonate consists of a secondary carbanion whereas methyl 
methacrylate has an intermediate tertiary carbanion 

which is less stable. The slower rate of reaction of methyl 
methacrylate with the amine is due primarily to electronic 
effects. The steric factors of methyl methacrylate are 
less important than those of methyl crotonate. This was 
also shown in our experiments where condensation of the 
amines occurred more readily with methyl methacrylate 

than with methyl crotonate, (See Table IV.) The authors 
also showed that the polar and steric factors associated 
with the vinyl and amino compounds make independent 


contributions to observed reactivities of the acrylates. 
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The hydrochlorides of these amino-esters were 
Prepared usingMaWiiterature-procedure*{Coutts St’‘al., 
1971) by reacting the free amino bases with an ethereal 
solution of dry hydrogen chloride. All the salts were 
obtained in quantitative yield and were stable over an 
extended period of time. 

The methiodides were prepared according to the 
method of Barrass et al. (1968) by addition of an 
excess of methyl iodide in acetone to an acetone solu- 
tion of the free amino-ester and subsequent crystalli- 
zation of the salt from acetone/diethyl ether. 

The methiodides were stable for a prolonged 
period of time if thoroughly dried and stored ina 
desiccator. The presence of moisture appeared to 
accelerate decomposition and the liberation of free 
iodine. It is noteworthy that it was not possible to 
form the methiodides of methyl 3-diethylamino-2-methyl- 
propionate (70) or methyl 2-methy1-3-(l-pyrrolidino) 
propionate (74) probably due to steric hindrance al- 
though the corresponding piperidino compound (77) 


readily formed a methiodide. 
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The ethyl 4-aminobutyrates studied were prepared 
by condensation of the appropriate amine with ethyl 
4—-bromobutyrate. The following esters were prepared 


for this study (Table VI). 


Table VI 
Ethyl 4-aminobutyrates 


R- (CH) ,-COOCH.CH, 


Compound R % Yield 
79 (CH,) ,N- quantitative 
80 (CH,CH,) ,N- ale Be: 
81 (CH3CH5CH,) ,N- 25 wd. 
83 N , ia 
H 
' 
84 CH.-CH.-N- 49.2 


It was found that the best results were obtained when 
three moles of the required amine were used per mole of 
ester. As the reaction proceeded the amine hydrobro- 


mide precipitated out of solution in quantitative yield. 
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This salt was filtered off before the required ethyl 
4-aminobutyrate was isolated. 

In 1934, Drake and colleagues proposed that the 
reaction of organic amines with bromo-esters occurred 
in two steps. These workers studied the reaction of 
piperidine with §-bromoesters. They envisaged the first 
step as removal of a proton from the a-carbon of the 
ester by the unshared electrons of the piperidine 
nitrogen followed by release of the bromide ion. This 
mechanism explains the observation that one mole of 
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N —~CH,CH,COOC 5H, 


amine hydrobromide was formed per mole of ester. The 
yield depends upon the basic strength of the amine used 
and on steric factors. Although diethylamine, pyrroli- 
dine and piperidine have essentially the same basicity 
the pyrrolidine derivative was obtained in greater 


yield, due.to.its lesser steric, requirements. 
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Two dimethylaminoacetates were prepared in this 
study (Table VII). They were obtained in a similar 


manner to the 4-aminobutyrates. 


Table VII 


Dimethylaminoacetates 


1 
(CH) ,.N-CH,-C-OR 
Compound R Yield 
85 oi 
CH 5.0 
86 5 
CH,CH. Bae 


It is noteworthy that yields were much lower than with 
the ethyl 4-aminobutyrates. This may be due to lack 
of the a-hydrogen in these compounds. If more vigorous 
conditions were used in an attempt to increase the yield 
of the amino-ester, the corresponding amide was obtained 
as the sole product. 
The amino-butyrates and -acetates formed stable 
hydrochlorides and methiodides in quantitative yield. 
The two amides and the ketone required in this 
study were prepared by addition of pyrrolidine to the 
unsaturated amide of ketone. The addition of the amine 


to the amide or ketone proceeded at a much slower rate 
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than the similar addition to an unsaturated ester. The 
products were obtained in very poor yields, each one in 


fact being obtained in less than 5% yield. 


BE a0) i re) 
| " \ W 1 
N - H t+ HC =C- C- R —~» N - CH, me CC R 
! 
H 
1 
Compound R R 
87 
H NH, 
88 
CH, NH. 
89 
CH3 CH, 


The hydroxamic acid, 2-methyl-3-(l-pyrrolidino) - 
propionohydroxamic acid hydrochloride (90), was pre- 
pared according to the method of Coutts et al. (1969). 
Ethyl 4-(N-methy1l-N-phenethyl)aminobutyrate hydrio= 
dide (91) was obtained when an acetone solution of 
methyl iodide was added to an ethereal solution of 4- 


phenethylaminobutyrate (84). 
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Since our experiments (see pharmacology section) 
showed that the esters methyl 3-dimethylaminobutyrate 
methiodide (5) and 3-dimethylamino-2-methylpropionate 
methiodide (6) were more potent than reported pre- 
viously (Schueler and Kealing, 1951), it was considered 
necessary to verify the structures of our compounds 
(4, 5, 6) using mass spectrometry. (See Figure 13,) 

Quaternary methyl iodides do not give a molecular 
ion (Budzikiewicz et al., 1967). Instead thermal de- 
composition occurs prior to fragmentation giving rise 
to the corresponding base and methyl iodide. None of 
the esters (4, 5, 6) analyzed gave a molecular ion but 
instead thermally decomposed to give 3-dimethylamino- 
propionate (39), 3-dimethylaminobutyrate (40) and 
3-dimethylamino-2-methylpropionate (41) respectively 
plus methyl iodide. Subsequent fragmentations were 
consistent with those reported for tertiary amines and 
esters (Budzikiewicz et al., 1967). (See Scheme 6.) 
The structures of most of the fragments in Scheme 6 
were verified by accurate mass determinations. 

When the spectrum of the same sample of compound 
5 was rerecorded for accurate mass measurements, the 
spectrum was not identical to the original one. Re- 


peated attempts to reproduce the original spectrum of 
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Me 
+ 1 
Me-N-CHRCHR COoOMe I. 
Me 
R RI 
4 H H 
5 Me H 
6 H Me 
ett, OS Pee at = ” + er 
Me-N-CHRCHR COOMe Cin l thy HI", CH eo retles gy z 
at 3 2 2 
4a (m/e 131, 0.4%) m/e 142 m/e 128 m/e 141 m/e 254 m/e 127 


5a (m/e 145, 48%) 


6a (absent) 






ee 


-R CHCOOME 
Me NH 
Me 
I + | 
RCH=CR COOMe. Me-N=CHR +O=C-OMe 
+ 
4b (m/e 86, 2%) 4c (m/e 58, 100%) m/e 59 
5b (m/e 100, 142) 5c) .\(m/ew72 , 963 ) (25-45%) 
6b (m/e 100, 45%) 6c (m/e 58, 65%) 
-H” -OMe 
1 + po ary AEG 
[RR C,H,0,] RCH=CR -C=0O 
4d (m/e 85, 10%) 4e o(m/e 55,°708) 
5d (absent) 5e (m/e 69, 46%) 
6d (m/e 99, 6%) 6e (m/e 69, 40%) 


Scheme 6 
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compound 5 always failed, regardless of the ion source 
temperature employed. The major differences between the 
initial and all subsequent spectra were that whereas 
the former had peaks of appreciable intensities at m/e 
102. (17%) Stunidentifiedierwo-(31%) and 72 (96%) and the 
base peak at m/e 142, subsequent spectra lacked the peak 
at m/e 102, the peak at m/e 72 was almost absent (2%) 
and the peaks at m/e 142, 86, 58 and 41 were greatly 
reduced in intensity. The subsequent spectrum was still 
compatible with the structure of compound 5 but its 
formation indicated that the fragmentation pathway de- 
picted in Scheme 7 was the preferred one with this com- 
pound. The composition of all fragment ions illustrated 
in Scheme 7 was confirmed by means of accurate mass 
measurements. In particular the m/e 59 peak was a trip- 
let composed mainly of CH N (see Scheme 7), with minor 
contributions from the C.H.,0., ions (see Scheme 6) and 
pleats (isotopic component of the m/e 58 ion in 
Scheme 6). 

It can be concluded that the compounds 4 and 6 
rearrange thermally in the mass spectrometer in predic- 
table fashion whereas the chemically related ester 5 


can give rise to two appreciably different spectra, both 


of which are compatible with the spectrum of 5. 
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The mass spectra of the optical isomers (5a and alah 
6a and 6b) of compounds 5 and 6 exhibited the same type 
of fragmentation pattern. Only the second pattern 
(Scheme 7 ) was observed in the optical isomers of 5. 

The mass spectrum of ethyl dimethylaminoacetate 
methiodide (92) was also recorded. Thermal decomposi- 
tion again occurred prior to fragmentation and three 
fragment pathways were apparent, of which the major one 
was unexceptional and is depicted in Scheme 81.28 The 
second pathway was the expulsion of ethyl iodide from 
ethyl dimethylaminoacetate methiodide. (See also Scheme 
8.) An alternative thermal rearrangement explains the 
presence of ions at m/e 214, 186, 169, 59 and 42 in the 
spectrum of 92. This rearrangement is apparently the 
result of attack of the iodide anion at the a-carbon of 
the ester and the subsequent expulsion of ethyl iodo- 


acetate. Molecular ions corresponding to the molecules 


Me Me 
5 ee | + 
Me - N’- CH,COOEt ——+ Me - N: + ICH,COOEt* 
Me im Me 
(92) (93) (94) 


(93) and (94) were observed in the spectrum at m/e 59 


in Scheme 9, 


To confirm the validity of Schemes 8 and 9 
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accurate mass measurements were made of all the ions 
depicted in both schemes and were compatible with the 
formulae shown. In addition, the mass spectra of 
authentic samples of ethyl dimethylaminoacetate (92) 
and ethyl iodoacetate (94) were examined. The spectrum 
of the former was simple and showed only six ions of 
relative abundance five percent or greater, viz 131 
(ie) oo WO) eo eee?) 12 (6) pandas (5), 
m/e (% relative abundance). In the spectrum of ethyl 
Lodoacetate ions of m/e 214, 186, 169, 128, 127, 59 
and 42 of significant abundance were all present (cf 
Scheme 9 ). 

It was concluded that ethyl iodoacetate is a 
thermal fragmentation product of the methiodide of 
ethyl dimethylaminoacetate (92). Ethyl iodoacetate 
could not be an impurity in compound 92 since it was 
not employed in the preparation of 92. 

The mass spectra of acetylcholine (1), a- and 
B-methylacetylcholine (2 and 3) and their optical iso- 
mers were also recorded. Acetylcholine (1) a- and 
&-methylacetylcholine (3) gave similar spectra. 

(See Scheme 10.) 
The mechanism of the formation of ions at m/e 71 


(id, 20) and 85 (3d) issnot known. ‘The ion 
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however, further studies which would include accurate 


*ococu , may fragment in the following manner, 


mass measurements and isotopic labelling studies would 


be required as proof of this pathway. 
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The optical isomers of a- and £-methylacetylcholine 
(2a and 2b and 3a and 3b) exhibited a fragmentation pattern 


similar to their respective racemates. 
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Many molecules of pharmacological interest are l, 
2-disubstituted ethanes e.g. acetylcholine. P.m.r. 
Spectroscopy of these molecules is important because it 
may provide information about their conformation which, 
in turn, may indicate the way in which the agonist in- 
teracts with the receptor. The conformations of acetyl- 
choline, a-methylacetylcholine (2) and B-methylacetyl- 
choline (3) in solution have been analyzed by Culvenor 
and Ham (1966), Casy et al. (1971) and Inch et al. (1970). 

In this study a preliminary investigation of 
methyl 3-dimethylaminopropionate methiodide (4), methyl 
3-dimethylaminobutyrate methiodide (5) and methyl 3- 
dimethylamino-2-methylpropionate methiodide (6), i.e. 
the reversed esters of the above acetylcholine analogues, 
was undertaken. An analysis was made of the 100MHz 
spectrum of each compound in D.0 using 2,2-dimethyl-2- 
Silapentane-5-sulfonate (DSS) as the internal standard. 

There are three possible staggered conformers for 


+ 


3) 3NCHCH,COOCH, X (4), one trans (i) 


and two equivalent gauche forms (ii and iii) (Casy, 


the molecule (CH 


1971). In each conformer at least two distinct vicinal 
coupling constants are involved; in i the signal due to 
the methylene protons indicates the occurrence of one 


trans and one gauche coupling, and in ii and iii one 
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+ Pot nl 
H H = SH 
yN rtd i 
COOCH 
3 COOCH , COOCH., 
fo Cas) (iii) 
trans gauche 
(4) 


trans and three gauche couplings. If rapid intercon- 

version of the conformers occurs by rotation about the 

C-C bond each geminal pair of protons is rendered chem- 

ically equivalent. An analysis of the 100MHz spectrum 

of the reversed ester of acetylcholine (4) suggested 

that there was no preferred conformation for this com- 
+ 


pound. The signal due to the -N-CH.-CH,- protons 


appeared as a distinct triplet centred at 4.121, J=7.5Hz. 
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The §-protons (-CH,-CH.,-CO-) at 6.981 were equivalent 
and appeared as a triplet of triplets as a consequence 
of coupling with the a-protons (J=7Hz) and with 
aN (J=2Hz). The value of J=7.5Hz is consistent with a 
rapidly equilibrating mixture of the conformers i, ii 
and iii. Therefore it may be concluded that methyl 3- 
dimethylaminopropionate methiodide (4) shows DO wor ce 
ferred conformation in solution. In contrast acetyl- 
Choline shows a preference for the gauche conformation 
(Culvenor and Ham, 1966). 

The p.m.r. spectra of the reversed esters of a- 
and §-methylacetylcholine (5 and 6) were recorded at a 
temperature of 30 and 90°. Inch et al. (1970) showed 
that better resolution of the signals due to methylene 
protons in compounds of this type was obtained when the 
spectra were recorded at elevated temperatures. The 
interactions between the protons were considered to be 
first order. The methylene signal of methyl 3-dimethyl- 
amino-2-methylpropionate methiodide (6) was treated as 
the AB part of an ABX system. The protons were clearly 


resolved and came to resonance at 6.18 and 6.64t. 


H CH 
sae | se ani mM 
(CH3) ,N - C ~ C ~ COOCH, ~ 
a He 


(6) 
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Measurement of the coupling constants gives Jaynil.2 
and Jpy=2-5Hz. The order of magnitude of these values 
indicates that the preferred rotomer(s) of this ester 
(6) involve(s) trans and gauche vicinal coupling con- 
Buantse (Caby"etal a 971)%. “This conclusion supports 
either 6i or 6ii as the preferred conformer. The 


occurrence of a chemical shift difference between Hy and 


+ es 
“NZ \N?Z 
& H H COOCH, 
H H H 
COOCH , CH 


(6) 
Hp of 56Hz (at 100MHz) further indicates that the re- 
versed ester of £-methylacetylcholine (6) displays a 
marked conformational preference but does not aid in 
the choice of the preferred conformation because the 
environments of the two protons differ in both conformers 
6i and 6ii. In order to determine the preferred con- 


former it is necessary to use reference compounds. An 


initial study of the shielding influence of the -COOCH, 
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group on an a-C-H in compounds with the structures D5) 
and 96 together with the large chemical shift dgeierence 
observed between the methylene protons, suggested that 
6ii was the more likely conformer. Casy et al. Vb97.). 
using a similar argument, suggested that B-methylacetyl- 


choline (3) adopted the same conformation as alles 


OH OH 


tBu tBu CO,R 


(95) (96) 


A similar analysis of the 100MHz spectrum of 
methyl 3-dimethylaminobutyrate methiodide (5) was 


carried out. One of the 8-protons was resolved, 7.30t. 


cH a 
+ ee rra 


(CH,) 3N = rs = : oe COOCH Xx 


(5) 


This signal was coupled to the a-proton (Hy) and to 
ik it The coupling constants were measured as Jny=ls.0 


and Jpy=3-5Hz- Hence, this a-substituted ester (5) 


like the p-ester (6) has a preferred conformation, 


either 5i or 5ii. An investigation of the shielding 
+ 


influence of a -N group on an adjacent proton tn Le 
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14 Ir 
\NZ mone) 
H H H COOCH, 
HC H HC H 
COOCH, H 


(i) (ii) 
(5) 


ference compounds 95 and 97 together with chemical 


shift evidence, suggested that 5i was the preferred 


H 
OH 

+ 
tB 
ee N(CH3) 3 

H 
(97) 
conformer. In contrast, Casy et al. (1971) showed that 


a-methylacetylcholine (2) had no preferred conformation 
in solution. 
In conclusion these preliminary studies suggest: 
1. Methyl 3-dimethylaminopropionate methiodide 
(4) has no preferred conformation in contrast to the 
isomer, acetylcholine, which shows conformational 


preference (Culvenor and Ham, 1966). 


80L 


+} 
“yr 
¢HD009 H 
H IpH 
H 
(£45) 


(e) 










{soiméedo ntiw torigepot Te Bas 2@e abrinogmoo sonsis? . 


H 
Valo 
HO 


betistenxg sit es6w ite +5H4 betesppre (sonsbive titide 


. 7360 
+ 
o (HOD was 
Ki 
(ve) | 
Is 39 ye6D \teszdnop at - tegrro Ines 
noisemicinos berteisxq on bert’ (S) onktfodol 


36d3 Bowore (iLTeL) 


7 
= 





5 

r 7 
vai 

# 7 


I mite 
oe c 





i A — 





109 


2. Both g-methylacetylcholine (3) and its 
reversed ester (6) have a preferred conformation. In 


+ 
both compounds the N-C,-C -O, bond angle is pro- 


one | 

bably 60°. 

3. The reversed ester of a-methylacetylcholine 
(5) has a preferred conformation. The evidence obtained 
S56 far suggests that «the N(CH) , and -~COOCH groups 
are trans to eachother. In contrast Casy et al. (19 71) 
reported that a-methylacetylcholine (2) had no preferred 
conformation in solution. Clearly further work is 
essential to clarify this situation. However, 
Culvenor and Ham (Chem. Commun. 1242, 1970) found, 
using p.m.r. spectroscopy, that acetylthiocholine 
(24) had a trans conformation in solution. In their 
computerized analysis of the spectra these workers 
found a J (N-C-CH.-) coupling constant of 0./5HZ. 
In the spectra of compound 5, / the N-C-CH, coupling 
constant was 0.7Hz, in close agreement with that 
observed by Culvenor and Ham (1970). This lends 


support to the suggestion that 5 exists in solution 


as the trans conformer 5i. 
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Methods 
A. Measurement of Muscarinic Activity * 
1. Rat Blood Pressure 

Male rats weighing approximately 200 g were 
anesthetized with urethane (1.875 g/kg) injected intra- 
peritoneally. The trachea was cannulated and the 
arterial blood pressure recorded through a polythene 
cannula inserted in a carotid artery using an E & M 
pressure transducer, type P-1000A connected to an 
E & M physiograph type DMP-4A. Drugs were dissolved in 
0.9% saline and injected through a polythene cannula 
inserted into a femoral vein. A dose response curve 
was obtained for acetylcholine as the standard drug and 
for each compound under investigation. Tests were 
carried out to check that the fall in blood pressure 
was blocked by hyoscine methiodide (5 mg/kg) which was 
injected intravenously several minutes before the test 
compound. The muscarinic activity was expressed as the 
molar potency relative to acetylcholine=1.00, 

2. Guinea-pig Ileum 

Guinea-pigs were killed by a blow on the head. 
Segments of ileum (2-3 cm) were suspended in Krebs 
solution, gassed with 95% 0,/5% GO ct a7 COnLLaAc 


é3 


tions were recorded isotonically using an ink-writing 


* For further. explanation see page 123 
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lever or isometrically using an E & M myograph Type A 
connected to an E & M physiograph model IV. Drugs were 
dissolved in Krebs solution. A dose-response line was 
obtained for acetylcholine and for each compound under 
investigation. The muscarinic potency was expressed as 
the molar potency relative to acetylcholine=1.00. 

Tests were carried out to check that the contractions 
were blocked by atropine (7 ug/ml). Experiments were 
also done in the presence of hexamethonium (25 ug/ml), 
eserine (2.5 sg/ml), plus,morphine .(25. qig/ml):,.at low rr eda 


concentration, and at 25°. 


B. Measurement of Nicotinic Activity 

Leo pRat. Blood Pressure 

The experiment was conducted as described 

previously. The pressor response to nicotine or DMPP 
as the standard drug and the compound under investiga- 
tion was determined before and after the administration 
of a ganglion blocking agent. Hexamethonium, pentolin- 
ium or trimethaphan (5 mg/kg) were injected intraven- 
ously 5 minutes before the compound under investigation. 
The nicotinic activity was expressed as the molar 
potency relative to DMPP=1.00. 

2. Frog, Rectus, Muscle 


Frogs were stunned by a blow on the head and 
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pithed. The rectus abdominis muscles were removed and 
Suspended in 70% Krebs solution, gassed with 953% 0,/5% 
CO. at 25°. Contractions were recorded isotonically or 
isometrically as described previously. A dose response 
line was obtained for acetylcholine as the standard 
drug and for each compound investigated. The nicotinic 
activity was expressed as the molar potency relative to 
acetylcholine = 1.00. A check was made that contrac- 
tions were blocked by tubocurarine (7ug/ml). Experiments 
were also carried out in the presence of eserine 


(2.5 ug/ml). 


C. Ganglion Blocking Activity 

The pressor response on the rat blood pressure to 
DMPP (50-200 ug/kg) injected intravenously was deter- 
mined immediately before and after the administration 


of the compounds under investigation. 


Krebs Solution: NaCl, 6.9 G7 Kole, Vso OF CaCl..6H.,O, 
0.559;KH.,PO,, U.16 oF MgSO,.7H.,0, 0.29 g; dextrose, 

1.0 g; distilled water to°1 1. 

Drugs: acetylcholine chloride (Fluka), 8-methylacetyl- 
choline chloride (Aldrich), atropine sulfate (Dk iatla) > 
carbachol chloride (Fluka), 1,1-dimethy1-4-phenylpiper- 


aZinium iodide (DMPP) (Fluka), eserine (Fluka), hexa- 


Sif 7 














bis bovomsx stew eoloeum eiaimobds extoex oT battiq - 
: 





$2\.0 #2@ diiw beeesp ,nokvulos adexi F0T at ‘BeBrsqeve 
to ylisotnotoel bsbtoosx stew efolsset3no0d .°8S 38° 209 as, 
senoqest 920b A .viavollvera Sediisesb as yl ledityemoek 
Stsbhbusje edt a6 omitforiolysyacs tot bsalsido esw onit. 4 
oinitooin sd? .bstsepitesvat Bbnvogmos toss xz0z bis putb 
ot avijsiaer youstzog tsfom srt es besestqxs sAWw ysivisos. 
~opttioD ddd ebem asw Asedo A .00.f = eakIodolyseos 
etnomiteqxa .(Iim\put) snistsirusodss yd Bedvold S19W ga043 
emitees to sonsestq srt mi tuo Bairiss Gels Stow 
. (tapi 2.8) 
4 
ytivisoA pnixtscold aotipnso ".9 
OF siveasiq Dboold gsx sd3 ao senogesx rozesiq odT 
-tsfab esw ylevonsvsitnt betostal (pa\py 00S-02) qama ; 
nokgextatninbs ort 19tis bas o10tsd yie¢eibemmt Bonita . 


-1olvspiseesevai 1obnau abaiogmos edd to : 
“ages 7 
sOgHO. L589 tp cf.0 ,[Dn +e &.0 , TOBY :aottutoe edsak 


oy yoeoutxeb jp US.0 .O,HT.,08pM ip SI.0 , OGesaibee 00 






LL3 


methonium chloride (Fluka), hyoscine methiodide, 
morphine hydrochloride (B.D.H.), nicotine (Nutritional 
Biochemical Corporation) , pentolinium tartrate 
(Poulenc), trimethaphan camphorsulfonate (Arfonad) 
(Roche), tubocurarine chloride (Fluka), urethane 
(B.D.H.). Doses refer to the appropriate salt of each 
compound. All solutions were prepared immediately 


before use. 


Experimental Design: 


Isolated Tissue Experiments 
The following sequence was used to carry out the 
experiments: 

1. A standard dose of acetylcholine was added at con- 
Stant intervals to the tissue bath until uniform 
contractions were obtained. 

2. A dose-response line for acetylcholine was obtained. 

3. A dose-response line for the compound under invest- 
igation was obtained. 

4. The dose-response line for acetylcholine was re-run. 

5. A dose-response line for another compound was 
obtained. 

Steps 4 and 5 were repeated to the end of the experiment 


then the appropriate antagonist was added to the Krebs 
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solution and an attempt was made to repeat the dose- 
response lines for acetylcholine and the compounds 

under investigation. Drugs were given in random order 
and in order of increasing concentration. The logarithm 
of the dose of the drug was plotted against contraction 
height and the best straight line calculated using the 
method of least squares~ Piecne Case or ete. (rog erec= 
tus abdominis experiments the average response to acetyl- 
choline before and after administration of the compound 
under investigation was plotted since the preparation 
gradually lost sensitivity during the experiment. The 
molar potency relative to acetycholine was calculated. 
A two minute cycle was used for the guinea-pig ileum 
experiments: 0 sec - inject drug; 20 sec - wash for 10 
sec period; 40 sec - wash for 5 sec period; 45-120 sec - 
rest period. The frog rectus abdominis experiments 

were run on a four minute cycle: 0 sec - inject drug; 

90 sec - wash for 10 sec; 120 sec - wash for 5 sec; 125- 


240 sec - rest period. 


Rat Blood Pressure Experiments 
Steps 1-4 as outlined above were followed. Only 
one compound plus the standard drug was tested on each 


ete 





“only the middle portion of the dose-response curves 


was used in these calculations 
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Pharmacology of the Analogues of Acetylcholine and Their 


Reversed Esters 
Results 


Acetylcholine, its a- and g-methyl analogues 
(2 and 3) and their respective reversed esters (4, 5 
and 6) were examined pharmacologically on the rat blood 
pressure, guinea-pig ileum and frog rectus abdominis 
muscle. The results have been summarized in Tables 
VIIPy IX andi X.— The muscarinic and nicotinic activity 
of a- and £-methylacetylcholine (2 and 3) and their 
optical isomers (2a,2b and 3a,3b) agreed with litera- 
ture values (Beckett et al., 1963a; CocolLas et al., 
1970; Lesser, 1965). It is interesting to note that 
in the presence of a cholinesterase inhibitor, eserine 
(2.5 ug/ml), a-methylacetylcholine (2) and its optical 
isomers (2a,2b) were equiactive on the guinea-pig ileum 
in contrast to the experiments in normal Krebs solution 
in which D(+)R-a-methylacetylcholine (2a) had twice the 
activity of the racemate. 

The reversed ester of acetylcholine (4) had 0.1 
to 0.8 of the muscarinic activity, and 0.1 of the nico- 


tinic activity of acetylcholine. These results agree 
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with those of Bass et al. (1950) and Barrass et al. 
(1968). However, the muscarinic activity of the oa- and 
B-esters (5 and 6) was significantly higher than reported 
previously. Schueler et al.(1951, 195la) and Schueler 
and Keasling (1951) reported that these compounds had 
less. than,0.0001,. of the muscarinic, activity of their re- 
spective acetylcholine analogues (2 and 3). In this work 
the reversed ester of a-methylacetylcholine (5) was 
approximately equipotent with its acetylcholine analogue 
(2), and the reversed ester of B-methylacetylcholine (6) 
had 0.02 of the muscarinic activity of its acetylcholine 
derivative (3). In all experiments L(-)S-methyl 3-di- 
methylaminobutyrate methiodide (5b) was v1.8x as active 
as the racemate (5) but, methyl 3-dimethylamino-2-methyl- 
propionate methiodide (6) showed no stereospecificity 

in its interactions with the muscarinic receptor. 

A possible explanation of our results is that 
previous workers may have been using impure compounds. 
The method of synthesis of the reversed esters of a- ands 
-~methylacetylcholine (5 and 6) used by Schueler et al. 
(1951, 195la) and Schueler and Featherstone (1951) has 
not been reported in the literature. Assuming that 
these compounds were synthesized in the same manner as 


was used to synthesize the reversed ester of acetyl- 
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choline (4), i.e. from trimethylamine and the approp- 
Kiate’ bromo-ester ,m(Bassietcals;.1950); the major)con- 
taminant would be expected to be trimethylamine hydro- 
bromide. In the experiments undertaken for this thesis 
(see page 88) it was shown that when an amine was con- 
densed with a bromo-ester the hydrobromide salt of the 
amine was obtained in quantitative yield. 

The nicotinic activity: ofathe.reversed esters 
has not been studied previously. a-Methylacetylcholine 
(2) and its related ester (5) showed 0.1 - 0.8 of the 
nicotinic activity of acetylcholine, whereas §-methyl- 
acetylcholine (3) and its reversed ester (6) had less 
than 0.001 of the nicotinic activity of acetylcholine. 
None of the compounds showed stereospecificity in their 
interactions with the nicotinic receptor of the frog 


rectus abdominis muscle. 


Discussion 


In order to discuss the significance of the re- 
sults obtained it is necessary first to discuss the 
pharmacology of the experiments. When considering the 
activity of the compounds it is important to know if 


the observed response is due to stimulation of the mus- 
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carinic or nicotinic receptor. If the drug is exerting 
its effect on the muscarinic receptor there are three 
possible mechanisms which must be considered. Is the 
observed response due to direct stimulation of the mus- 
carinic receptor? Is it due to an indirect effect in- 
volving the stimulation of ganglia or the presynaptic 
release of acetylcholine? Lastly in considering the 
activity of compounds related to acetylcholine it is 
necessary to consider the effect of cholinesterase. 

Is the drug under investigation hydrolyzed by cholines- 
terase? If so, does the rate of hydrolysis affect the 
absolute activity of the compound or its activity rela- 
tive to other substances? 

In order to investigate if an observed response 
was due to stimulation of the muscarinic receptors ina 
preparation, an anticholinergic agent, atropine sulfate 
(7 ug/ml) or hyoscine methiodide (5 mg/kg), was admin- 
istered after the response was obtained. The contractile 
response of the guinea-pig ileum and the depressor re- 
sponse on the blood pressure of the rat caused by all 
compounds investigated, including acetylcholine, were 
blocked by atropine sulfate (7 ug/ml) or hyoscine 
methiodide (5 mg/kg) respectively. Hyoscine methiodide 


was used in the rat experiments because it was found to 
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have a less depressant effect on respiration than the 
corresponding hydrobromide salt. It was concluded 
therefore that the response observed when a-methylacetyl- 
Choline (2), §-methylacetylcholine (3) and the reversed 
esters (4,5 and 6) were tested on these preparations was 
a result of stimulation of the muscarinic receptors of 
these preparations. 

Next, the mechanism of this stimulation of the 
muscarinic receptor was investigated. The experiments 
on the blood pressure of the rat and on the guinea-pig 
ileum were performed in the presence of a ganglion 
blocking agent. Rats were predosed with pentolinium 
tartrate (5 mg/kg) or in the case of the guinea-pig 
ileum experiments hexamethonium (25 pg/ml) was added to 
the Krebs solution. The activity of the compounds was 
not altered in the presence of a ganglion blocking 
agent which suggested that no indirect component involv- 
ing ganglia was affecting the muscarinic response. The 
possibility that the stimulation of the muscarinic re- 
ceptor was a result of the presynaptic release of acetyl- 
choline was investigated by determining the activity of 
the compounds on the guinea-pig ileum at 25° and when 
the Ca** concentration was reduced to 0.05 of the 


normal amount. Johnson (1963) demonstrated that under 
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either of these conditions the release of acetylcholine 
from peripheral nerve endings was reduced to approxi- 
mately 0.1 of the normal values. The relative activity 
of the a-methyl substituted compounds (2 and 5) and 
their optical isomers (2a,2b and 5a,5b) was not altered; 
although under these conditions the threshold dose of all 
compounds including acetylcholine was increased. (Compounds 3, 
4 and 6 were not tested under these conditions.) It was con- 
cluded that compounds 2 and 5 were not acting indirectly by 
Causing the release of acetylcholine. These results 
could be extended and verified by using tetrodotoxin 
(Gershon, 1967). It was therefore concluded that the 
activity of the compounds under investigation was due 
to direct stimulation of the muscarinic receptors and 
that no indirect component was present. 

The nicotinic activity of the compounds under 
investigation was determined on the blood pressure of 
rats pretreated with hyoscine (5 mg/kg) and on the frog 
rectus abdominis muscle. The 8-methyl analogues (3 and 
6) had no activity (<0.001) on each of these prepara- 
tions. The pressor response caused by the a-methyl 
analogues (2 and 5) on the rat blood pressure was 
blocked by the ganglion blocking agent pentolinium 


tartrate (5 mg/kg). Also the contractile effect on the 
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frog rectus abdominis muscle of these compounds and 
their optical isomers (2a,2b and 5a,5b) was blocked by 
d-tubocurarine (7 ywg/ml). Therefore, it was concluded 
that the activity of the compounds on these prepara- 
tions was due to stimulation of the nicotinic receptors. 
Finally, what is the effect of acetyl- and/or 
butyrocholinesterase on the activity of the compounds on 
the guinea-pig ileum and frog rectus abdominis muscle? 
This question is of particular interest because of the 
statements made by previous workers. Beckett et al. 
(1963a) suggested that the relative rates of hydrolysis 
of the optical isomers of a-methylacetylcholine (2a, 2b) 
was a complicating factor in the determination of their 
muscarinic activity. (See Table I.) Beckett proposed 
that the L(-)S-isomer of a-methylacetylcholine (2b) 
presented a more favourable complimentary conformation 
to the active site of cholinesterase and to the mus- 
carinic receptor than did its enanthiomorph (2a). How- 
ever, Owing to the faster rate of hydrolysis and in- 
activation by acetylcholinesterase of the L(-)S-isomer 
(2b), the D(+)R-isomer (2a) appeared to exert greater 
muscarinic activity. Beckett also suggested that 
enzymatic hydrolysis was important in the interpreta- 


tion of the activity of ®-methylacetylcholine (3). 
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He postulated that the slower rate of hydrolysis of 
L(+)S-68-methylacetylcholine (3a) compensated for the 
deleterious effect of a 8-methyl group on the associa- 
tion of this molecule with the muscarinic receptor, and 
that the weak inhibitory action of D(-)R-isomer (3b) 
on acetylcholinesterase slightly reinforced the mus- 
Ccarinic activity of the L(+)S-isomer (3a) when the 
activity of the racemate (3) was determined. Cocolas 
et al. (1970) proposed that the active site of acetyl- 
cholinesterase best accomodates compounds with the § 
configuration at the a-carbon atom and the R configura- 
tion at the g-carbon atom. The proposals of Beckett 
and Cocolas were based on in vitro experiments using 
bovine erythrocyte acetylcholinesterase. Lesser (1965) in- 
vestigated the nicotinic activity of the isomers of a- 
methylacetylcholine (2a,2b) on the chick biventer pre- 
paration in the presence of eserine (0.025 wg/ml). His 
results suggested that tissue cholinesterase did not 
affect the relative potencies of the isomers on this 
preparation. 

In these experiments an attempt was made to 
determine the influence of hydrolysis by cholinesterase 
on the muscarinic and nicotinic activity of the com- 


pounds under investigation. The muscarinic activity of 
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the compounds on the guinea-pig ileum and the nicotinic 
activity on the frog rectus abdominis muscle were de- 
termined in the presence of eserine (2.5 wg/ml). This 
concentration of eserine has been shown to be sufficient 
to inhibit the activity of acetyl- and butyrocholines- 
terase (Gershon, 1967) on these preparations. In pre- 
liminary experiments on the guinea-pig ileum it was 
found that the presence of eserine caused the tissue to 
exhibit rapid continuous contractions and to exhibit 
periods of prolonged spasms possibly due to the build 
up of acetylcholine in the bath (Johnson, 1963). Under 
these conditions it was not possible to obtain a dose 
response curve for the compounds under investigation. 
It was found necessary to depress the contractility of 
the tissue in order to determine the activity of the 
compounds. Morphine (25 ywg/ml) was added to the bath, 
along with the eserine, to reduce the spontaneous con- 
tractions and allow easier observation of the response 
to the compounds (De La Lande and Porter, 1967). In 
some cases the addition of morphine alone was not found 
to be sufficient to prevent prolonged spasms of the 
tissue. In these experiments it was necessary to dener- 
vate the tissue by storage overnight at 4° (a modifica- 


tion of the method of Chiou and Long, 1969) and to re- 
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duce the Ca’ concentration in the bath to 0.1 of the 
normal amount. The conditions for these experiments 
needed to be determined for each individual case. 

When cholinesterase is inhibited the activity 
of a compound whose action is limited by enzyme hydroly- 
sisewill.besincreased. This. effect.is,seen,in,the form 
of a decreased threshold dose. If the compound is hydro- 
lyzed at the same rate as acetylcholine its relative activ- 
ity will be unchanged under these conditions. If a com- 
pound is not hydrolyzed by cholinesterase its threshold 
dose remains constant and its activity relative to 
acetylcholine decreases. The experiments on the guinea- 
pig ileum showed that a- and B-methylacetylcholine (2 
and 3) were hydrolyzed by guinea-pig ileum cholinester- 
ase but that the reversed esters (4,5 and 6) were not. 
In addition, a-methylacetylcholine (2) was hydrolyzed 
by frog cholinesterase but the reversed ester of acetyl- 
choline (4) and the a-methyl reversed ester (5) were not. 

One important observation must be made concern- 
ing these results. On the guinea-pig ileum in the pres- 
ence of eserine the isomers of a-methylacetylcholine 
(2a,2b) and the racemate (2) were equipotent, whereas 
in the absence of eserine the D(+)R-isomer (2a) appeared 


to be twice as active as the racemate (2). The results 
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suggested that the L(-)S-isomer (2b) was, as proposed by 
other workers (Beckett et al., 1963a; Cocolas etaaliy 
1970), hydrolyzed faster than the D(+)R-isomer (2a) and 
therefore appeared to have less muscarinic activity. 

The guinea-pig ileum experiments partially confirmed the 
proposals of Cocolas et al. (1971) that the active site 
of acetylcholinesterase best accommodates the § config- 
uration at the a-carbon atom, but there was no evidence 
that the R configuration is preferred at the $-carbon 
atom. The results showed that both isomers of 8-methyl- 
acetylcholine (3a, 3b) were hydrolyzed by guinea-pig 
cholinesterase, the L(+)S-isomer (3a) being hydrolyzed 
more rapidly as its activity was potentiated to a greater 
degree. It is unlikely that the suggestion of Beckett 

et al. (1963a) that the weak cholinesterase inhibitory 
action of D(-)R-8-methylacetylcholine (3b) slightly 
reinforces the muscarinic activity of the L(+)S-isomer (3a) 
in the racemate (3) is correct since in the presence of com- 
plete cholinesterase inhibition the relative activities 


of the compounds were not altered. 


The relative nicotinic activity of the isomers 
of a-methylacetylcholine (2a,2b) and the racemate (2) 
on the frog rectus abdominis muscle in the presence of 


eserine was not altered. This suggests that their 
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rates of hydrolysis by frog cholinesterase were prob- 
ably equal. These results on the frog rectus abdominis 
muscle agree with those of Lesser (1965) obtained on a 
different preparation. Lesser showed that tissue chol- 
inesterase did not affect the relative nicotinic potency 
of the a-methylacetylcholine isomers (2a,2b) on the 


chick biventer cervicis preparation. 


Since the nature of the activity shown by the 
acetylcholine analogues (2 and 3) and the reversed 
esters (4,5 and 6) has been established it is now poss- 
ible to discuss the significance of the activity of 
these compounds. The reversed esters had the same 
spectrum of activity as their related acetylcholine 
analogues although there were differences in their ac- 
tivities relative’to acetylcholine. There are three comp- 
litating) factors which anfluence the activity: of mole- 
cules at a receptor which were not investigated in this 
study. No attempt was made to determine if the com- 
pounds had the same intrinsic activity and/or efficacy 
as acetylcholine, or if the compounds had the same 
affinity for the receptor. In addition experiments were 
not performed to determine if all the compounds under 


investigation were pure agonists. However, as a maximal 
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response of the tissues could be obtained for both the 
acetylcholine derivatives (1,2 and 3) and the reversed 
esters (4,5 and 6) it is probably correct to assume 
that the compounds under investigation had similar in- 
trinsicractivityetovtacetylcholineie Alsopthe dose: re- 
sponse curves of all the compounds were parallel to 
those obtained for acetylcholine. For the purpose of 
this discussion it was assumed that the intrinsic ac- 
tivity of the compounds investigated was similar to that 
of acetylcholine. It was also assumed that all com- 
pounds investigated were pure agonists since all pro- 


duced a maximal response of the tissue. 


Firstyna consaiderakion jog) the»santeraction, of) the 
compounds at the muscarinic receptor will be made. At 
the muscarinic receptor,with compounds 5 and 6,reversing 
the position of the ethereal and carbonyl oxygen atoms, 
as compared to acetylcholine, resulted in a reversal of 
the influence of methyl substitution at the a- or 6- 
carbon atom on stereospecificity. In the acetylcholine 
series of compounds methyl substitution at the $-carbon 
atom resulted in a compound which showed stereospecifi- 
city in its interaction with the muscarinic receptor 


whereas in the case of the ester series methyl substi- 
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tution at the a-carbon atom had this effect. In order 
for a compound to exhibit stereospecificity at a re- 
ceptor at least a three point interaction is necessary. 
Interaction at all three points may or may not be 
necessary in order to stimulate the receptor but the 
molecule must have the correct geometry at all three 
points in order to fit and stimulate the reCeptor.  Unly 
two points may be involved in the stimulation of the 
receptor and the third area may be one of zero inter- 
action. It is also possible that two points on the 
receptor are stimulated and the third area is one of 
positive or negative interaction depending upon the 
geometry of the compound. Since L(+)S-8-methylacetyl- 
choline (3a) and L(-)S-methyl 3-dimethylaminobutyrate 
methiodide (5b) show stereospecificity in their inter- 
action with the muscarinic receptor it was assumed that 
they interact at three points on the receptor. As 
suggested by Beckett et al. (1963a) the decreased ac- 
tivity of the reversed a-methyl ester (5) compared to 
acetylcholine may be due to the steric influence of the 
a-methyl group on the cationic head which prevents a 
close drug-receptor interaction. The less active opti- 
cal isomers D(+)R-8-methylacetylcholine (3b) and D(+)R- 


methyl 3-dimethylaminobutyrate methiodide (5a) can 
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probably only interact with one or two sites on the 
muscarinic receptor. The compounds (2 and 6) which 
exhibited no stereospecificity at the muscarinic recep- 
tor were all less active than acetylcholine. They 
probably also only interact with one or two sites on 
the muscarinic receptor. These results do not confirm 
the hypothesis of Cocolas et al. (1970) who suggested 
that the muscarinic receptor preferred the R configura- 
tion at the a-carbon atom and the S configuration at the 
B-carbon atom. Both compounds 3a and 5b have the §S 
configuration at their asymmetric centre which suggests 
that the S configuration is favoured at both the o- and 
B-carbon atoms. 

Stereospecificity was shown in these experiments 
to be a factor influencing the hydrolysis of a-methyl- 
acetylcholine (2) by cholinesterase. Beckett et al. 
(1963a) suggested that hydrolysis of the optical iso- 
mers of a-methylacetylcholine (2a, 2b) was a complicat- 
ing factor in the determination of their muscarinic 
activity. a-Methylacetylcholine (2). appeared to show 
stereospecificity with guinea-pig cholinesterase but 
showed no stereospecificity towards the cholinesterase 
present in the frog rectus abdominis preparation. This 


may be due to species differences (Goldstein et al., 
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1969a) or differences in the amounts of the various 
cholinesterases present in the muscle (Child and Zaimis, 
1960). Butyrocholinesterase has not been shown to be 
stereospecific but, some observations can be made con- 
cerning the stereospecific requirements of the active 
Site of acetylcholinesterase. Like the muscarinic re- 
ceptor the active site of the enzyme appears to prefer 
the S configuration at both the a- and 8-carbon atoms. 
It appears that although a-methyl substitution 
may affect the close attachment of the cholinergic 
molecule to the muscarinic receptor and 8-methyl sub- 
stitution results in abolition of nicotinic activity 
the position of the substituent may not be the important 
factor in determining stereospecificity. Rather it 
appears that the conformation adopted by the molecules 
at the receptor is the factor which determines whether 
these compounds will show stereospecificity. Armstrong 
et al. (1968), Armstrong and Cannon (1970), Cannon et al. 
(1972) and Chiou et al. (1969) concluded from their 
studies on cis and trans-2-acetoxycyclopropyltrimethyl- 
ammonium iodide (15 and 16) that for maximal muscarinic 
activity the a por torsion angle of acetylcholine- 
like compounds should be 180° (trans). Trans-ACTM (16) 


was equiactive with acetylcholine and its muscarinic 
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activity resided primarily in the (+)-1(S)-2(S)-isomer. 
But, Casy et al. (1971), Chothia (1970) and Kier (1967) 
concluded from a consideration of the preferred confor- 
mation of a series of cholinergic molecules in solution 
and in the solid state that the ta Bates torsion 
angle of potent muscarinic agonists was 60° (gauche). 
When comparing the results obtained in this 
Study with those of previous workers it is necessary to 
assume that the reversed esters and the acetylcholine 
derivatives are acting at the same site on the muscar- 
inic receptor. The pharmacological data obtained in 
this thesis combined with the results of conformational 
analysis (see page 103) supports the hypothesis of 
Cannon et al. (1972) (see above). Preliminary p.m.r. 
studies of the preferred conformation of methyl 3- 
dimethylaminobutyrate methiodide (5) in solution sug- 
gested that the compound had a preferred conformation 
and that the Nhe, SARS} torsion angle was 180° (trans). 
(See page 107.) This ester (5) showed stereospecificity 
in its interaction with the muscarinic receptor. (The 
decreased muscarinic activity is probably due to the 
steric influence exerted by the a-methyl substituent. ) 
The reversed ester of £-methylacetylcholine (6) hada 


+ 
preferred conformation in which the N-C4-C5-Ol torsion 
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angle was 60° (gauche). (See page 106.) Although this 
compound had the necessary conformation suggested by 
Chothia (1970) for stimulation of the muscarinic re- 
ceptor it showed no stereospecificity and was much less 
active than its corresponding acetylcholine analogue 
(3) at the muscarinic receptor. The preferred confor- 
mation of this compound is analogous to Cis ACIM TLS) 
which exhibited negligible muscarinic activity on the 
guinea-pig ileum (Armstrong et al., 1968). However, it 
must be remembered that 8-methylacetylcholine (3), a 
potent muscarinic agonist, has been shown to prefer a 
gauche (cis) conformation in solution. The reversed 
ester of acetylcholine (4) did not have a preferred 
conformation in solution. (See page 104.) In the 
presence of eserine it showed 0.15 of the muscarinic 
activity of acetylcholine. 

Based upon the conformational preferences shown by 
the reversed esters (4,5 and 6) in solution it is possible 
to calculate the expected muscarinic activity of the com- 
pounds. If we assume interaction of the same sites in the 
case of the reversed ester of acetylcholine (4) there are 
three possible conformations, one trans and two equivalent 
gauche forms. (See page 104.) The p.m.r. spectrum of this 
compound showed that there was an equal amount of each con- 
former present. If the trans conformer is the active form 


at the receptor it would therefore be expected that the 
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compound would have 0.33 of the muscarinic activity of 
acetylcholine. If the gauche conformer were preferred the 
expected activity would be 0.66 of acetylcholine. The mus- 
Carinic activity of the ester (4) in the presence of eser- 
ine was lower than both these theoretical figures. It had 
0.15 times the activity of acetylcholine. This figure,is 
in closer agreement with the theoretical value for the trans 
conformer and for this reason it could be argued that the 
trans conformer is probably the active form at the muscar- 
inic receptor. It is realized, however, that a gauche ..con- 
former which fitted imperfectly on the receptor would have 
an activity much reduced from the theoretical, and, there- 
fore, a categorical conclusion that the trans conformer is 
the active conformer is not being made.The observation that 
the ester (4) had less activity than expected suggests that 
reversing the positions of the carbonyl and ethereal oxygen 
atoms decreases the activity by a factor of approximately 
0.5,.(0.15/0.33),.. Similar calculations. can, be carried os 
for the reversed ester of a- and g£-methylacetylcholine 

(5 and 6). The p.m.r. spectrum of the reversed a-ester 

(5) showed that the gauche form of this compound was 
present in less than 1%. (See page 107.) In calculat- 

ing the expected activity of this compound the influence 

of an a-methyl substituent must be considered. An 


a-methyl substituent appears to reduce muscarinic 
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BcuiVity DVeastector cL 0.01 (Cf activity of a-methyl~ 
acetylcholine). 1f the gauche form 1s active at the re- 
ceptor the expected activity of the reversed a-ester (5) 
would be 0.01 (contribution of the a-methyl group) X 0.01 
(the contribution of the gauche conformer) X 0.5 (decrease 
in activity as a result of reversing the positions of the 
C=O and -O- groups) = 0.0005. If the trans conformer is 
active at the receptor the expected activity would be 

fas kt X 0.5, = 0.005. Tne Observed activity was approx- 
imately 0.003 in the presence of eserine. It can be con- 
cluded that the trans conformer is probably the active form 
at the receptor since for the gauche conformer to exhibit 
0.003 the activity of acetylcholine the ester (5) would 
need to be 100 times as active as acetylcholine itself. 
Few compounds have been shown to be more active than 
acetylcholine. 

The p.m.r. spectrum of the reversed f-ester (6) showed 
that it existed primarily in the gauche form. (See page 
106.) The ester would therefore be expected to be equi- 
potent with acetylcholine if the gauche conformer were pre- 
ferred at the receptor (A 8-methyl substituent does not 
reduce muscarinic activity.) However, this ester (6) 
showed 0.007 of the muscarinic activity of acetylcholine 
in the presence of eserine. This is the contribution ex- 
pected from the 1% trans conformer present fu,02 .COnu. a= 


bution of the trans conformer) X 0.5 reduction in activity 
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as a result of reversal of the positions of the C=O and 
-O- groups)]. Therefore these results suggest that the 
trans conformation is the active form at the muscarinic 
receptor. 

But, how can the above results be interpreted in 
view of the known conformation and activity of a- and g- 
methylacetylcholine (2 and 3)? Casy et als (1971) and 
Inch et al. (1971) showed that a-methylacetylcholine had 
no preferred conformation in solution. It would be ex- 
pected that the activity of the gauche form would be 0.0066 
that of acetylcholine (0.01 X 0.66) and the activity of the 
trans form would be 0.0033 (0.01 X 0.33). The activity 
shown by a-methylacetylcholine (2) was 0.02 that of acetyl- 
choline a value far removed from either of the calculated 
figures. Therefore it was not possible, in this instance, 
to conclude which conformer is the active one. Similarly 
theoretical calculations suggest that the gauche form of 
B-methylacetylcholine (3) is active at the muscarinic re- 
ceptor. The p.m.r. spectrum of 3 showed that the molecule 
was present almost exclusively in the gauche conformation. 
Since f-methylacetylcholine is approximately equipotent 
with acetylcholine it may be assumed that the gauche form 
is the active one. It is unlikely that the trans con- 
former is the active one at the receptor since this would 
indicate that §®-methylacetylcholine (3) was at least 100 


times as active as acetylcholine itself. 
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The results obtained with the reversed esters and 
the acetylcholine derivatives appear to be in opposi- 
tion to each other. The reversed esters suggest that 
the trans conformer is active at the muscarinic recep- 
tor and the acetylcholine analogues suggest that the 
gauche conformer is preferred. 

There are at least three possible explanations 
for this discrepancy. The first is that the compounds 
are acting at different areas on the receptor. It 
would be necessary to use highly selective antagonists 
in order to solve this problem. The second possibility 
is that after initial binding to the receptor occurs 
a conformational change is induced in the agonist. 
Since the quaternary nitrogen atom carries a full posi- 
tive charge it is reasonable to assume that initial 
binding to the receptor takes place at this point in 
the molecule. The energy change which takes place as 
a result of this initial binding may be such that the 
trans conformer of the reversed ester is converted into 
the gauche conformation or the gauche conformer of the 
acetylcholine derivatives is converted into a trans 
conformation. Liquori et al. (1968a) showed that the 
energy difference between the conformers of acetylcholine 
was approximately only 1 kcal/mole. It appears to 


be more likely that the gauche conformation of the 
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acetylcholine derivatives is no longer favoured after 
initial binding takes place. Binding of the quaternary 
nitrogen to the receptor would be expected to reduce the 
positive charge on the nitrogen and therefore reduce the 
electrostatic attraction between the nitrogen and the 
carbonyl group. It has been suggested that this elec- 
trostatic attraction holds 8-methylacetylcholine (3) 

and acetylcholine itself in the gauche conformation 
(Casy Sc aly 207294 ¢h6thtatand Pauling), “1969) s+ Iit°rs 
highly unlikely that attachment to the receptor would 
increase the charge on the nitrogen and favour stronger 
gauche interaction between the : and C=O groups of the 
acetylcholine derivatives or their reversed esters. 

With the reversed esters the possibility of induced fit 
brought about by a change in the charge distribution on 
the molecule is less likely. It is noteworthy that 
trans-ACTM (16) is active at the receptor whereas none 
of the rigid decalin or cyclohexyl derivatives which have 
a nacohdamdt torsion angle of 60° (gauche) are active. 
In the case of the rigid analogues there is no possi- 
bility of induced fit. However, it must be remembered 


that the bulk of these and other rigid analogues is a 


complicating factor in their activity. 
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A third possibility exists which would account 
for the differences observed in the preferred confor- 
mations of the reversed esters and the acetylcholine 
analogues. Recent studies on the muscarinic receptor 
imply a dual mode of substrate binding in which a 
common anionic site is flanked by two loci for polar and 
nonpolar side chains (Belleau, 1970; Moran and Triggle, 
1970). The analogues of acetylcholine may bind at one 
Side of the anionic site and the reversed esters on the 
other side. These two loci may have different confor- 


mational and stereochemical requirements. 


From the studies undertaken it is possible to 
make certain observations concerning the structure 
activity relationships of the compounds under investi- 
gation. It has been established previously that a 
positively charged trimethylammonium group is necessary 
for maximal activity (Goldstein et al., 1969). Methyl 
substitution at the 8-carbon atom of acetylcholine or its 
reversed ester (4) results ina loss of nicotinic ac- 
tivity but its muscarinic activity is not altered. Methyl 
substitution at the a-carbon atom results in reduction 
of muscarinic activity but does not alter nicotinic 


activity. Methyl substitution at the a- or g-carbon 
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atom has a different stereochemical result in the 
acetylcholine analogues as compared with the reversed 
esters. In the case of the acetylcholine analogues 
substitution at the 8-carbon atom resulted ina stereo- 
specific compound whereas substitution at the a-carbon 
atom of the reversed esters resulted in a compound which 
acts stereospecifically at the’ muscarinic receptor. 

What can be concluded about the importance of 
the carbonyl and ethereal oxygen atoms? Reversal of 
their positions reduced the observed muscarinic activity 
by a factor of 0.5 suggesting that binding to the mus- 
carinic receptor had been altered. (See page138 .) 

A comparison of the relative positions of the functional 
groups of acetylcholine and its reversed ester (4) was 
made using 'Framework' molecular models. In order for 
this comparison to be valid it must be assumed that the 
compounds are acting at the same site on the muscarinic 
receptor. The positions of the ethereal and carbonyl 
groups were not superimposable when the compounds were 
in the gauche or trans conformation. This suggested 
that these two groups were not primarily involved in 
the interaction with the muscarinic receptor although 
they must play a role in interaction with the receptor 


since reversal of their relative positions results in 
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a decrease in activity. Next, the relative positions 

of the terminal methyl groups were examined. When both 
acetylcholine and its reversed ester were in the trans 
conformation the positions of the terminal methyl groups 
were Superimposable. The methyl groups were not super- 
imposable when the compounds were in the gauche confor- 
mation. This observation provides further support for 
the hypothesis that’ the trans conformer is favoured at 
the muscarinic receptor and supports the suggestion of 
Chothia (1970) and Beers and Reich (1971) that a charged 
nitrogen and terminal methyl group are essential for 
muscarinic activity. It has been shown pas the formyl 


4+ 


3) 3NCH.CH.OCH has de- 


creased mustarinig@ activity. (Banlow}),.1964) } 


derivative of acetylcholine (CH 


The preceding observations along with those of 
other workers suggest that the muscarinic receptor has 
the form represented in Figure 14. This is essentially 
the shape for the muscarinic receptor outlined by 
Cocolas ‘et @l.w(1970). The sites of interaction with 
the receptor appear to be at the quaternary nitrogen and 
the terminal methyl groups. The ethereal and carbonyl 
oxygens may aid in binding to the receptor and are 


therefore considered to be secondary sites of inter- 
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action. It appears evident that the methylene side 
chain fits into a very narrow area since all the rigid 
and more bulky analogues with the exception of trans- 
ACTM (16) are inactive. The observation that a,a- 
dimethyl- and 8,8-dimethylacetylcholine (13,14) have 
no muscarinic activity also supports this hypothesis. 
(Cocolas et al., 1971). It is probably in this narrow 
area that stereochemical requirements come into play. 
The methyl substituents on the choline chain of both 
compounds which exhibited stereospecificity, L(+)S-86- 
methylacetylcholine (3a) and L(-)S-methyl 3-dimethyl- 
aminobutyrate methiodide (5b) project on the same side 
of the choline chain. The methylene group of the 
cyclopropyl ring of the active isomer of trans-ACTM 
(16) also projects on this side of the chain suggesting 
that one side of the narrow area of the receptor must 
be slightly distorted in order to accommodate these 
groups. Therefore it can be suggested that only two 
areas of the cholinergic molecules “i and terminal 
methyl groups) are involved in stimulation of the re- 
ceptor and the third area which results in stereo- 
specificity in the interaction at the receptor is one 
Or ‘Yervd Gnterdotion (but,> positive fit to’ this’ area is 


necessary for activity). 
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Do the results obtained throw any light upon 
the requirements for nicotinic activity? Archer etal. 
(1962) proposed that the nicotinic action of acetyl- 
choline was due to the cis conformation. However, the studies 
reported here showed that the reversed a-ester (5), which was 
a potent nicotinic stimulant, preferred a trans con- 
formation, and the $-ester (6), which had negligible 
nicotinic activity, preferred the cis conformation. 
These results along with those of Armstrong et al. (1968), 
where cis-ACTM (15) was shown to have negligible nico- 
tinic activity, cast doubt upon the proposal of Archer 
et al. (1962). The lack of stereospecificity of the 
cholinergic agonists at the nicotinic receptor tends to 
Support the hypothesis that only a two point interaction 
is necessary for stimulation of the nicotinic receptor 
(Barrass et al., 1968; Kier, 1968). The antagonist tubo- 
curarine does show stereospecificity at the nicotinic 


EBeceptor ) (King, .1947).. 


Lastly, is it possible to draw any conclusions 
concerning interactions at the active site of acetyl- 
cholinesterase? As shown by the results obtained with 
a-methylacetylcholine (2) it is important to consider 


cholinesterase hydrolysis when evaluating the cholinergic 
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activity of a compound. Although Chothia and Pauling 
(1969b) suggested that the conformer of a-methylacetyl- 
choline (2) which had a Ve came! torsion angle of 180° 
(trans) was the active conformer at the enzymatic site, 


this study has yielded no evidence that the trans con- 


former is preferred at this site. 


In conclusion these studies have suggested that 
the trans conformer of cholinergic molecules is the ac- 
tive form at the muscarinic receptor. A study of mole- 
cular models has led to the hypothesis that the a and 
terminal methyl groups are involved in the interaction 
with the muscarinic receptor and the carbonyl and ether- 
eal oxygen groups provide additional binding sites. A 
diagramatic representation of the muscarinic receptor 
has been presented in Figure 14. The nicotinic receptor 
appeared to have no stereospecific requirements. The 
active site of cholinesterase was stereospecific in its 
interactions with a-methylacetylcholine but to date it 
is not possible to relate this stereospecificity to 
conformational preference. Further experiments will be 
necessary to assure that the acetylcholine derivatives 
(1,2 and 3) and their reversed esters (4,5 and 6) are 


acting at the same receptor and have the same affinity 
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and intrinsic activity. The results obtained support 
the statement of Shefter (1971) that the observed con- 
formation of cholinergic compounds in the solid state 
Or in solution is not necessarily the active conformer 
at the receptor. It is necessary to combine pharmaco- 
logical data with theoretical calculations when evalu- 
ating the interactions of cholinergic molecules with 


their receptors. 
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Ny Diealkylamino=propionic, -butyric Gand “acetic Acid 
facers 

The pharmacological activity of the series 
of N,N-dialkylamino-propionic, -butyric and -acetic 
acid esters and several of their derivatives was eval- 
uated on the blood pressure of anesthetized rats. The 
compounds were tested as their hydrochloride salts 
(Table XI ) and in most cases as their methiodides 
(Table XII ). Only two of this series of compounds 
showed any appreciable muscarinic activity. These 
were the methiodides of methyl and ethyl 4-dimethy1l- 
aminobutyrate (85 and 86) which had 6.01 of the mus- 
Carinic activity of acetylcholine (see Table XII ) on 
the rat blood pressure. These results are comparable 
with those reported for cats and the guinea-pig ileum 
(Barrass et al., 1968). As predicted from previous 
Work (Coutts et al., 1971) and from experiments with 
acetylcholine analogues (Barlow, 1964), an increase in 
the size of the basic substituent above that of a 
trimethylammonium group greatly reduced muscarinic 
activity. See Table VIII-xX for the actavicy, OF (tue 
methyl 3-dimethylamino-propionate and -butyrate meth- 
iodides). Branching and lengthening or shortening of 


i 
the alkyl chain joining the N atom and the C=O group 
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resulted in muscarinic activity lower than that dis- 
played by compounds with an unsubstituted two carbon 
ale) eha'rn 

A number of the compounds showed some degree of 
HLCICIe achuvrey. ~ oarress et al. (1968) proposed 
that compounds with the general structure RR™N (CH) COR? 
showed primarily nicotinic activity when tested as their 
methiodides. These results appear to support this ob- 
servation. 

Alteration of the ester grouping to an esterase 
resistant amide, ketone or hydroxamate (87, 88, 89, 90) 
had no effect on muscarinic activity with the exception 
of the hydrochloride salt of the amide 87, namely 
3-dimethylaminopropionamide hydrochloride, which in a 
limited number of experiments showed ganglion blocking 
activity unlike the corresponding ester 72 which showed 
mixed muscarinic and nicotinic properties. 

With the exception of the methiodide of ethyl 4- 
dimethylaminobutyrate (79) which had 0.01 the muscarinic 


activity of acetylcholine, compounds with the general 


+ 
structure RR" R“N (CH) ,COOCH,CH, I can be considered to 


be essentially inactive. The slight depressor effect 


of these compounds relative molar potency <0.001, 


appeared to be nonspecific since it was not altered by 
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the prior administration of hyoscine methiodide or a 
ganglion blocking agent such as hexamethonium, pento- 
linium or trimethaphan. 

Methyl 3-[1-(4-phenylpiperidino) ]butyrate hydro- 
chloride (78) showed ganglion blocking aCtA Vk 2) cour 
experiments. This compound is structurally related to 
2-methy1-3-[1-(4-phenylpiperidino) ] propionohydroxamic 
acid hydrochloride (17) which was reported to be a 
ganglion blocking agent (Midha et al., 19/70). None of 


the compounds synthesized showed sufficient activity to 


va 


N - CH.CHCH.CONHOH Cl 


2 3 


(17) 


warrant further investigation. 
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Melting points were determined on a Thomas 
Hoover capillary melting point apparatus. All melting 
points and boiling points quoted are uncorrected. 
Infrared (i.r.) spectra were recorded on a Beckman 
IR1O Spectrophotometer; and proton magnetic resonance 
(p.m.r.) spectra were taken on a Varian A-60D Spectro- 
photometer using tetramethylsilane (TMS) as the internal 
standard. Mass spectra were run on either an AEI MS-9 
or MS-12 mass spectrometer by Dr. A.M. Hogg and his 
associates. The direct insertion probe was used in all 
cases. The electron beam energy was 70 eV and the ion 
source temperature ranged from 120 to 205° depending on 
the compound. Accurate mass measurements were made by 
the peak matching method. Elemental analyses were de- 
termined by Mr. W. Dylke of the Faculty of Pharmacy and 
Pharmaceutical Sciences, University of Alberta. All the 
chemicals obtained from commercial sources were used 


without further purification. 
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GENERAL METHODS 


Preparation of 3-amino-esters 


Most of the esters required in this study were 
prepared by mixing anhydrous methanolic solutions of an 
appropriate amine and an o,f-unsaturated ester (methyl 
acrylate, methyl methacrylate and methyl crotonate), in 
equimolar quantities. The cooled amine solution was 
Slowly added with stirring to the cooled solution of the 
ester and the resulting mixture maintained at 0° for 
2h, allowed to come to room temperature then, in some 
instances heated under reflux for an appropriate length 
of time. The methanol was removed and the residual oil 
was distilled under reduced pressure, 

Bach of the esters was characterized by means 
of microanalysis and its p.m.r. and i.r. spectra. The 
absence of a C=C stretching band near 1630 cm? in an 
aliquot portion (due to acrylate starting material) and/ 
or the absence of a band within the range 3320-3500 cm + 
(due to secondary amine >}N-H) were considered to be 


positive indications that the reaction had gone to com- 


pletion. 
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Preparation of ethyl 4-aminobutyrates 


Separate portions of ethyl 4-bromobutyrate 
(1 mole) and the appropriate amine (3 mole) were 
dissolved in dry benzene. The cooled amine solution 
was slowly added with stirring to the cooled solution 
of the ester and the resulting mixture was maintained 
at 0° for 2 h, allowed to come to room temperature then, 
in some instances heated under reflux for an appropriate 
length of time. The hydrobromide, salt of the»starting 
amine was filtered off, the benzene removed under re- 
duced pressure and the residual oil was distilled under 


reduced pressure. 


Preparation of hydrochloride salts of amino-esters 

The hydrochloride salts of the amino-esters were 
prepared by passing dry hydrogen chloride through an 
ethereal solution of the appropriate ester. The hydro- 
chlorides, obtained as colorless crystals, were recrys- 
tallized from hot acetone/diethyl ether and were 
characterized by microanalysis and their p.m.r. and i.r. 
spectra. All showed strong SNoH stretching bands in 


the 2350-2710 cm + region of their.i.r.. spectra 


(Thompson et al., 1965). 
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Preparation of methiodides of amino-esters 

The methiodides of the amino-esters were pre- 
pared by dissolving each amino-ester in acetone and 
adding an excess of methyl iodide in acetone. The 
methiodides, obtained as colorless crystals, were re- 
crystallized from hot acetone/diethyl ether and charac- 
terized. by microanalysis jand their,p.m.x.,.and i.r. 
Spectnaa. The SN-CH, protons characteristically came 


to resonance 6-71 downfield from TMS (Culvenor and Ham, 


1966),.1n each p.mem.. spectrum. 
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Methy1 3-dimethy lamino-propionates and -butyrates 


Methyl 3-dimethylaminopropionate 

The title compound was prepared in quantitative 
yield from dimethylamine and methyl acrylate using the 
general method for the preparation of 3-amino-esters. 
The reaction mixture was kept at room temperature for 
24Apn prior stoOefractional distillation. The compound 
had b.p. 29-31°/0.07 mm. Literature b.p. 60°/30 mm 
(eaeeeec wees pe oo)s The. 1 .r. spectrum, (thin, film): 
1740 cm? (ester C=0). The p.m.r. spectrum (CCl): 
427 Ons, OCH), 7.30-7.701 (4H, m, ~CH,-CH.5-), 
7.807 (60, s, -N(CH3).,)- 

Pasa LOO. 2OL C,H, 3NO0.: Oot ape tay ee yee 
Neo clO. Oo soon le Osteo sen Ost Oe IN yo il U 3 

The hydrochloride had m.p. 120°. The i.r. 
spectrum (Nujol): 1740 omy (ester C=O); 2480, 2520, 
2580 cm Se The p.m.r. spectrum (CDC1,): -2.301 
(lH, By Sn) exchanged with D,0). 

Aral. Cascada Lor CH, 4CiNo,: Co ua2 OSs, (O54? 
Hie 8 -S06. FOUND Oy dec dls Hy bod sae iS « 

The methiodide had m.p. 201-202°. Literature 
m.p. 208-209° (Barrass et al., 1968). The i.r. spectrum 


4 


(Nujol): 1740 cm~ (ester C=O). The p.m.r. spectrum 
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Yi 
(D0): 5.60-6.351 (2H, m, $N-cH, 
+ 


“OCH3), 6.831 (9H, s, -N(CH,)3), 6.60-7.181 (2H, m, 


CH, =) #6.220 9(38, 3, 


Ti iy The mass peepee 254=(2.94):, 142 


[CH si af (LOCC H L351 [ (CH) 9NCH CH,.COOCH 31 L063 5) 7,128 


ay, 


(88.3), 127 (53.0), 86 (16.5), 85 (rO,O yy Te "locgye Os 
+ 


(2.0) 7°63.5°(451), 59-(395.2),°58°T (cH N=CH,] (100.0), 


3)2 
37 (7.6) p@S6LLSES ys Suwa) po (25s) p45" (365) 774 
CPG) 7 943 \CP196) F 42 Woes je, aC Casa iiy ood “C2 ea yO 
Choos) f 2ZIVETELP +228 Jeo; p ete aeauy, 20 (17.0), m/e 
(% relative abundance). 

Anal. Galea. £0r CoH, ¢l NO.: CP, Ors th ore 
By Jsnse rounes of SeeOUP Hf SST 43 Neeovsi. 


(+)-Methyl 3-dimethylaminobutyrate 
The title compound was prepared in quantitative 
yield from dimethylamine and methyl crotonate using the 
general method for the preparation of 3-amino-esters. 
The reaction mixture was heated under reflux for 23 h 
prior to fractional distillation. The compound had 
b.p. 50°/10 mm. Literature b.p. 66°/17 mm (Adamson, 
1950). The i.r. spectrum (thin film): 1735 cm + 
(ester C=O). The p.m.r. spectrum (CCl,): 6.42% (3H) s., 
fr 
-OCH3), 6.68-7.507 (1H, itty DNGGr CH geo 74 DBS8, AUT 
H 





. 
¥ }~|} } 702 ~ . co - 
TYL.8-02.T , (-.9-0-"¢\m \ HI) 708. t=88 @ + %eive 
— - ) ; ; : 
H * ai . 
- La > ae 
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‘ia 


(2H, m, 2N-C-CH)-), 7.851 (6H, s, -N(CH 


H,).), 9.037 (3H, d, 
H 


\ 
J=7HZ, H-C-CH),- 


Anal? tCalcd &7i£Gr C5H,.NO,: Oo She9 38 Us 1Ga34; 


N23 .2966 AW dGund= CABEI00N)H, 410 228; oN, Be9ls 


The hydrochloride had m.p. 105-106°. The i.r. 


spectrum \(Nujol): 11735 em)! (ester <c=0) 2350-2700,cm + 
+ 

($N-H). The p.m.r. spectrum (CDC1,): -1.231 (1H, s, 
+ 
SN-H, exchanged with D,0). 

Anal jeca led Xi fon CoH, .C1NO.: Ge 45.285 He-8e81; 
MO Peal Ayhowd 2 iC 7546 04s 99.07: ON 97 844. 

The “*methiodide had m.p. 1183-184°. The i.r. 
spectrum (Nujol); 1730 em + (ester C=O). The p.m.r. 

CH 
ace ! : 
spectrum (D0) : 5.50-6.401t (1H, m, ra ech ee 6.207 
H 
ch 
(3H, S, -OCH,), 6.55-7.501 (2H, m, -C-CH)-), 6.76t 
H 
+ 
(9H, S, “N(CH3) 3), 8.501 (3H, doublet of triplets, 
wee 
J=7 and 2Hz, ZN-C-CH5-) « The mass spectrum: A) Initial 
H 


+e 
spectrum: 254°(11.6), 145 [ (CH) .NCH (CH) CHCOOCH, ] 


gal 
HO 
vy or yp #10,0) 
cb HE) TED. , (c(gHONM™ 8 HB) TBB.T , (me HD toe sas) 


' : 


s@€.0f ,H ,€@.02 .D 3.08 2 t03 .BSolsd .isad t.€% 


cO%, He 
-L8.@ .H ;8S,0L-,H 300.82 ,D :bavot .da.e 4 


-tei OT .°30L-20L .gim Bed sbizoldsoubyd edt 


imo OOTS02ES ;(0=D xStao) +7 


mo €€¥L :(fLofev) muxztosge 
2 ,ME) r€S.1- *(-f9d9) mUIISege +X .M.q ont: (K€) 
(0.0 dtiw bepnsdoxe, ,H-4e 
(18.8 ,H ;8S.3b .D },OKLD. Hi co toi .Bofse) .isné 
-BB.Y .4 370.8 \H yh0.388 .9 tbavod £00 Ve 
-t-f off .°SB81-E8i .q.m bed sbibokdtom edt 
+t.m.q off .(0=9D xetes) imi O€TL 2 (Lote) muxzgoege 
ae 
T0843. (> HD~9-HE ym \ HE). 10b.8~02.2 :(O.G) muxtoege 
« is2eCep 
ct ion of ~ 


} F 
T98T.3 A (=o ~Se vm, .HS) +02..-82.a v(gH90~ ,@ HE) 
} : i ’ 








1 Oh IG 
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Percy lne Memeypeedee (Chats | L00;0)9 I¢iPis.1), 140 
oe oe ieeeoat oO) o Ie ta5+o), 02 (17.7), 
Pee oe esOrteetl ys | OD Lisa) y Oe Venn), Ja. UIO60) » 
Paee eat eee Geos. l.e) , OS 2.0), Oled Lend), oo 
Case oye Oe oes) fee mis), 90 esl), 49 (oeal, 22 
ee eo UC) eee oe), SL ods Oy, 4 L Oe d) yp oo 
Sore) = coe oe oy our aoe Oly 29 46.5), 20. Week), 2s 
oe ye eo), Ie oe) py Le Wet), 2) (oso), m/e 

(% relative abundance). B) Subsequent spectrum: 254 
Griye iaettem1. ees. ony tal toed), 128° [h1-J TL00.0), 
Tee aN OL eo? Os jie OO Lo. Diy OD 1 (ono)l, 42> (250), 
Bo eu. 47,7 bo loses s OF (olas9 02.5 (3°59)7,° 59° (3.47, 

BS Ye6rs)s S76. 472" 43! (arGye 4 T14e5y> "41 (12.3), 
ROeteeo) se SI oy oO Clie Oly) eo Cae, 2 fen), ed 
(ern ee aes) LT (eso), 2 Ce. oO), uve (* relative 
abundance). 


Aflal. Calcu.  LOn-O, He. .NG 


8°18 2 
He seoo. FOUMG =; soeo5, fy, Osco NN, Os LU, 


8<C,-—33,444-H,—6.32} 


D(+)R-Methyl 3-dimethylaminobutyrate methiodide 
D(-)-Alanine (B.D.H.,[a]2°**-1.94° (c 5.31 H,0)) 

(10 g) and phthalic anhydride (16.6 g) were thoroughly 

mixed then heated at 160-180° for 15 min. The result- 


ing oil was poured while still hot into water and 


: 
Law & 
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allowed to crystallize. The resulting compound 
(+) -N-phthaloyl-D-alanine, recrystallized twice from 


water and thoroughly air dried, had m.p. 145-146°, 


yield 86.2%, [a] 4>*°432.51° (ovle59-95% ethanol)s! Litera- 


ture m.p. 149-150°, [a] 2°+23.4 + 0.5° (c 1.8 ethanol) 


(Beckett and Casy, 1955). The i.r. spectrum (Nujol): 


i 


1690, 1745, 1760, 1780 cm ~~ (C=O), 2400-3400 cm? (acid 


OH). The p.m.r. spectrum (deuterated acetone): 2.121 


(AH, Gy CoHy-), 2.981 (1H, s, -COOH, exchanged with 


' 
D0), 4982041 Ba Gye Je7Hz , H3C-C-H) , Be SalscolsHe jt ; 
! 
J=7HZ, H-C-CH3) . 
es 


Anal. Calca.=for C1 1H NOy: CLG, 2576H, rasta? 


N, 6.34. Found C, 60.40; H, 4.09; N, 6.41. 
(+)-N-phthaloyl-D-alanine (15 g) was heated 

with redistilled thionyl chloride (15 ml) at 60° for 

30 min. then the excess thionyl chloride removed under 

vacuum. The residue, (+)-N-phthaloyl-D-alanyl chloride, 


obtained in quantitative yield, solidified when stored 


under vacuum for 24 h and had m.p. 52-53°, [a]<>* °+32.51° 


(c 1.59 benzene). The i.r. spectrum (thin film): 1720, 


nf 


1780, 1795, 1830 cm~ (C=O). The p.m.r. spectrum 


(GOle) ea 2 .d4état(Shy 1846 CHy-), 4.891 (1H, gq, J=7Hz, 


4 


' ' 
H,C-C-H), 8.211 (3H, d, J=7Hz, H-C-CH,). 
H whi: 


Anas, Calcdid for Cy HgC1NO3: ess DO; tH, 3.39% 


ty 
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bi) SSOOts Pounds’ 0,255. 415) H, 3t@Avei nN, 5578. 

The (+)-N-phthaloyl-D-alanyl chloride (15 g) 
was then dissolved in dry benzene (200 ml) and added 
Slowly to an ice cooled ethanol-free solution of diazo- 
methane® in diethyl ether (400 ml containing approxi- 
mately 6 g of diazomethane; two equivalents of diazo- 
methane are required for each equivalent of acid chloride). 
The reaction mixture was stirred at room temperature for 
1 h then allowed to stand for 2 h. The solvent and 
excess diazomethane were removed under vacuum to give 
the yellow oil, D(+)-1l-diazo-3-phthalimidobutan-2-one, 
“preparation of diazomethane: 

Ethylene glycol monomethylether (35 ml) and 
diethyl ether (20 ml) were added to a solution of po- 
tassium hydroxide (6 g) in water (10 ml). The solution 
was placed in a 100 ml long-necked distilling flask 
with dropping funnel, efficient condenser, and water 
bath at 70°. As the distillation of the ether started, 
a solution of Diazala® (N-methyl-N-nitroso-p-toluenesul- 
fonamide) (21.5 g) in about 200 ml of diethyl ether was 
added through the dropping funnel over 20 min. The 
ethereal solution was collected in a receiving flask 
containing diethyl ether (20-30 ml) which had been 


cooled to 0°. Yield: approximately 3 g. 
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in quantitative yield, [a] <>" °487.14° (c 0.61 ethyl 


acetate). Literature [a] /+86.7 t 055° (c 0.48 ethyl 
acetate) (Beckett and Casy, 1955). The oil was not 
numi«ledy, The a.%, spectrum ,(thin film): 1640,.1720, 


Z z 


1780 cm ~ (C=O); 2100 cm ~ (N=N). The p.m.r. spectrum 


+ - 
(CCl ,): 2.241 (4H, s, CoH,-), eu/2t KLH, pea =N-CrB); 


i} 
5.221 (1H, q, J=7Hz, H,C-C-H), 8.421 (3H, 4, J=7Hz, 


3 
H-C-CH) , (unidentified singlets at 4.561 and 5,84t 
were attributed to impurities). 

The diazoketone (15 g) was immediately dissolved 
in anhydrous methanol (200 ml) and a 7% solution of 
Silver benzoate in triethylamine (30 ml) added dropwise 
over 2h. The reaction mixture was then filtered, the 
filtrate was heated under reflux for 5 min. with acti- 
vated charcoal, filtered and the solvent removed under 


vacuum. The resulting residue was extracted with di- 


ethyl ether (3 X 20 ml) and the ether extract evaporated 


to dryness to give D(-)-methyl 3-phthalimidobutyrate in 


70.4% yield, [a]*?°° 


-20.54° (c 0.51 benzene). Literature 
b.p. 140-144°/0.7 mm, [a]*°-33.1 + 0.45° (c 0.50 benzene) 
(Beckett and Casy, 1955). The resulting orange oil was 
not purified. ..The i.r. spectrum (thin film): 1/710, 


1 


Li3) , lf 1.0 cm (C=O). The p.m.r. spectrum (CCl,): 


t 
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6.42 (3H, s, -OCH,), 7.00-7.501 (2H, m, -C-CH,-), 
H 


1 
Beet 3H, OC) w= /hZ, raped NE The mass spectrum: 


CH 


Tae / 
+ N=C 
NO,]- (2,44) 24174 Me 


2 


247 [C, 3H) 3 : 


(100), m/e (% relative abundance). 

D(-)-Methyl 3-phthalimidobutyrate (13 g) was 
then heated under reflux with glacial acetic acid (32 
ml) and hydrochloric acid (40 ml) for 8 h. The reaction 
mixture was allowed to stand overnight and then the pre- 
Cipitated phthalic acid was filtered off. The filtrate 
was heated under reflux with activated charcoal for 10 
min., filtered then evaporated to dryness under vacuum. 
The 3-aminobutyric acid hydrochloride, obtained in 
quantitative yield, m.p.>300° (decomp.), was not puri- 
fied. The i.r. spectrum (thin film): 1700 cm + (acid 
C=O). 

The crude amino acid hydrochloride (7 g) was 
dissolved in water (200 ml) to which 10% palladium/ 
charcoal and an aqueous solution of formaldehyde (40% 
w/v, 10 ml) were added. The reaction mixture was stirred 


under an atmosphere of hydrogen at room temperature and 


2 





ae ee 


pressure until the reaction ceased to consume hydrogen 
and the theoretical amount of hydrogen had been taken 
up. The mixture was filtered and the filtrate evapor- 
ated to dryness. The paraformaldehyde formed was re- 
moved by redistillation from water. The impure 
3-dimethylaminobutyric acid hydrochloride was obtained 
in quantitative yield. The p.m.r. spectrum (DMSO.d_) : 


+ 
3.80-5.001t (2H, s, $N-H and -COOH, exchanged with D,0), 


2 


a \ 
7060 4008 eee: NUCH a. Sete Sh C,.e/HS ; H-C-CH,), 
‘ee 


Ba, Je 
the remainder of the spectrum could not be interpreted. 

The crude dimethylamino acid hydrochloride 
(8.4 g) was next dissolved in methanol/3% HCl (200 ml) 
and heated under reflux for 24 h. The solvent was re- 
moved under vacuum to yield a light yellow oil, methyl 
3-dimethylaminobutyrate hydrochloride. The i.r. spec- 
trum (thing Tilm): 1730 cmt (ester C=O); 2220-2600 cm 
(SNH) 

The above oil was dissolved in water (5 ml) and 
neutralized with a cold aqueous solution of 20% sodium 
hydroxide. Potassium hydroxide was added to the 
aqueous solution to make a slurry and the solution ex- 
tracted with diethyl ether (3 X 20 ml). The ether 


extract was dried over anhydrous sodium sulfate then 


concentrated to 10 ml and diluted with acetone (10 ml). 
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A cooled solution of excess methyl iodide in acetone 

was added to the ether/acetone solution and the result- 
ing D(+)-methyl 3-dimethylaminobutyrate methiodide 
allowed to precipitate. The precipitate was crystallized 
from acetone/diethyl ether and had m.p. 184-185°, yield 
34.0%, [a]<°°?+7.33° (c 2.51 90% ethanol). The i.r. 
spectrum (Nujol): 1740 cm? (ester C=0). The Palts Xa 


spectrum (D0): GaZeltadtsiseas, ~OCH,), 6e€67-(9He se 


CH 
- ie 
“N(CH3) 3), 6-70-7.501 (2H, m, -C-CH5-), 5.70-6.301 
CH, H 


+ 
(1H, nm, FNS CK CH Sy 8.511 (3H, doublet of triplets, J=7 and 2Hz 


He 


aa. 
7N-C-CHo-) » The mass spectrum: 254 (0.75), 145 
H 


Ts 
’ | =e 
[ (CH) ,NCH (CH) CH,COOCH,] (0.24), 142 [CH1.] Coie tes 


eS 11356) 6.5) 100 (24.6), 86 (3,0) 185 118-8). 
72 (4.3), 70 (4.6), 69 [CH,CH=CH-C=0"] (100.0), 68 
eB) ao. elma Ge as 55 ye SIU) 7) oy tee ee 
eh eC) oe A Ae) ADEA) S910 od jie ee eee eo ae 
Creo) plied Bab digi oS). OO lige willed 1 eee) et ed the an 
m/e (% relative abundance). 

Anal. Caled. for CeH, gINO.: 
irae + Ode OUNGs C. Sas67 tH, 6.607 WN, 4.86. 
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L(-)S-Methyl 3-dimethylaminobutyrate methiodide 


The title compound was prepared in a manner 


identical to that described for the D(+)-isomer. 


(-)-N-Phthaloyl-L-alanine was prepared from L(+)- 


EMG . 78° (ok4L 90" H20)9 MA 250) 


and had m.p. 145-146°, yield 65.8%, [a]<*"> 


(ee 7585952 ethanol) per Literature [a] °-17.5° (Balenovic 


otral . l9az) 7.m.p.tanoelso°, [a] <°-23.6° (Cad Beerhanol) 


(BeckettrandeCasysldesS)y mips 150=-151° (correc.), 


[a]4°-17.85° (oOPBs0el absotute- alcohol)y.-lL7l62° (693.33 


alanine (Aldrich) [a] 


95 OOF 


epsolute alcohol) u(Fischer, 1907). The i.r. spectrum 


1 


(Nujol): 1700, 1770, 1790, 1810 cm ~~ (C=0); 2400-3300 


cm? (acid OH).!.The pim.r. spectrum (deuterated acetone) : 
2.007" (4H ,es5 CoH), 3.211 (1H, s, -COOH, exchanged with 


! 
D,0), 4.921 (1H, q, J=7Hz, H C-C-H) , Sesq( 3H) deoo=snzy 


3 
H-C-CH,) . 


(—) sNePhthaloyl-L-alanyl chloride obtained in 


guantitative yield from the (-)-N-phthaloyl-L-alanine had 


mi per 5085 [a]***>-28.83° (c 1.46 benzene). Literature 


mp. asse, [a}-7-36.4 + 0.5° (c 0.2 benzene) (Balenovic 


et-al.,'1952)." The 1.r. "spectrum CcHin« Fda ee Pa2o, 


1780,/1795)/1830"cems~ 


(C=O).,» The?p.m.z,. Bpectrum (CC1,): 
1 
S PO t4H , 6a i CHa), 4.881 (1H, q, J=7HZz, H,C-C-H) , 
i | 
{ 


8.201 (3H, d, J=7Hz, H-C-CH,). 
dag 
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Anal. “Calcd “tor Cy Hy gC1INO.: Cos bo% 3% 39% 


Ny eae UP round. (5 So.77) HH, S.09% Neao. 79. 
After storing under vacuum for 24 h the (-)-N- 


phthaloyl-L-alanyl chloride was reacted with diazomethane 


Inwne Usual manner to’ olive’ (-)=1-diazo=-3=phthalimido- 
butan—2-one as a2 light yellow o11, yield 99.3%. The 


diazoketone was not purified, lee 
ethyl acetate). Literature [a] -°-69.3 ee PO a 6 


ethyl acetate) (Balenovic et al., 1352) 3 [al**-88.5 : a 


fe 0.5 ethyl acetate) (Beckett and Casy, 1955)% _The i.r. 


Spectrum (thin film): 1640, 1710, 1780 cm ~ (C=0); 2100 


cate (NEN). The p.m.r. spectrum (CCl,): ona? (an a 


The ee. (0.42 


+ 
Coliz), 2.661 (1H, Ss, =N-C-H), 5.261 (1H, q, J=7Hz, 
1 


" 
H C-C-H), S.427 (386.0, J=7He; H-C-CH3), (unidentified 


3 


singlets at 4.561 and 5.841 were attributed to impurities. 


The diazoketone was immediately converted into 


(+)-methyl 3-phthalimidobutyrate, b.p. 160°/0.9 mm, yield 
63.4%, pale yellow oil, [a] 97 °+20.82° (c 1.36 benzene). 


Literature m.p. 38°, [a] 5 °+26.3 + 1° (c 0.26 benzene) 
(Beckett and Casy, 1955). The i,r. spectrum (thin film) : 
Tea, 1740, 1786 cm + (c=0). The p.m.r. spectrum 

(CCl,): 2.221 (4H, s, CpH,-), 5.301 (1H, og, J=7HZ, 


\ 
HC-C-H), 6.421 (3H S, ~OCH3), 6.50-7.701 (2H, m, 


PF 


b H 
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Hs 
y] 
~C-CH,-), 8.561 (3H, d, J=7Hz, H-C-CH,). The mass 
H gr 


spectrum: 247 [C,,H,,NO,]: (1.74), 174 
0 CH, 
+ 
ate (100), m/e (% relative 
" H 
O 
abundance). 


The ester was heated under reflux with glacial 
acetic acid and hydrochloric acid as described for the 
D-isomer, to give 3-aminobutyric acid hydrochloride, 
mp,?s00°, The i.f, Beectrum (Nujol): 1710 em” = (acid 


C=0), 3-Dimethylaminobutyric acid hydrochloride had 
i.x. spectrum (thin film): 1710 em” (acid C=0). Methyl 
3-dimethylaminobutyrate hydrochloride had i.r. spectrum 
(thin film): 1720 em™* (ester C=O). 

The final product L(-)-methyl 3-dimethylamino- 
butyrate methiodide had m.p. 183-184° (acetone/diethyl 


ether), yield 30.18 Ce 


=7,85° (e¢ 5.15 90% ethanol). 
A second crop of crystals obtained from the mother liquors 
had [a] #°-6.09° (c 1.99 90% ethanol). The i.r. spectrum 


(Nujol): 1740 om™* (ester C=O). The p.m.r. spectrum 


—-O 
aa 


+ 
(D,0)+ 5,80-6,301 (1H, m, gN-C-CH 9~) , 6,211 (3H, 8, -OCH,), 


xa 
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EIT, 


ee + 
6450-76 504- (2HhMn, i er ina 68a {OHS8s, “N(CH3)3), 
H 
ot 58s 
8.501 (3H doublet of triplets, J=7 and 2Hz, iia Melby Wa 
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The mass spectrum: 254 (trace), 145 

[ (CH) NCH (CH) CH COCK, } (.02), 142 ICH,IT] (37.4), 
t4dot5e9), 1280123. 4), 123,-(2.5), 108 (3.4), LOO (18.7), 
Be {3 D)eeee teers) 98 is 8) 72 110.0).670 (5,3) ..69 
[CHCH,=CH-C=0"] (100.0), 68 (9.4), 59 (29,6), 58 (64.0), 
Sore SMS Eee es B58) AK (9.5) 44.3 7) 49 
(63 nad ties linn dle 78.0)+ 40edd2»5). 39 4685) ;,38 

bao ad. Sea ee Died wl), 2) 280 (7.8). 28. (1400) 27 
(1009) 19.26) [6s adn Lead Sd, 160.166.8024. (4.7) ,.m/e 

(% relative abundance). 


Anal..Caicd, tor ¢ Hj gINO Cd doe in lise baat 


8 a! 
N, 4.88. Found: ¢C, 33.69); H, 6.38; N, 4.96. 


(+)-Methyl 3-dimethylamino-2-methylpropionate 


The title compound was prepared in 77.7% yield 
from dimethylamine and methyl methacrylate using the 
general method for the preparation of 3-amino-esters. 
The reaction mixture was heated under reflux for 24 h 


prior to fractional distillation. The compound had 
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b.p. 26°/0.15 mm. Literature b.p. 66-68°/30 mm (Coutts 

t al., 1971); b.p. 70-71°/24 mm (Traynelis and Dadura, 
1961). The i.r. spectrum (thin film): 1740 cm™- (ester 
C=O). The p.m.r. spectrum (CCl,): 6$371303H}.6) -OCH3), 


eu 
' 3 


a2577 .Jdtavene Me ~CH,-C-H), 7.847,.(6H,.s, “N(CH,)5), 
Te Hh 
' 

S-921t (38,00, oS7HzZ, H-C-CH3) . 


Anad«w.aGaticds3for C5H,,_NO.: Meee os, LO.4l 


Pree fue found +) C58. 10P Ho 10.42) NN; 9.29, 
The hydrochloride had m.p. 128-129°. Literature 


MaPsiLAs=125° (Coutts Stal. 1971), .m.p. 94-96%. (Spickett 


et al., 1966). The i.r. spectrum (Nujol): 1730 cm? 
+ 


Me 


(ester C=O): 2460-2640 cm (=N-H). The p.m.r. spectrum 


(CDCl): - 1.231 (1H, s, 3N-H, exchanged with D,0). 


Anal. »palcd.. for C5H, 6CINO,: CwisG. 20H, 28:88 > 


Nipevndees Sobeet POG 55 8 4 oA Gio ldetorl por 8 26 GeedM, adder 
The methiodide had amep. eLl3-LLS° £ rcthe tiers 
spectrum (Nujol): 1725 em > (ester C=O). The p.m.r. 


o 
spectrum (D0) : 5.54-7.0071 (1H, m, -CH,-C-H), 6.161 
ve ! 


(3H, s, -OCH,), 6.821 (9H, s, -N(CH 


2 
=7H 

3)3), 8-65t (3H, d, J=7Hz 
H-C-CH.). 
hla “1 


The mass spectrum: 254 (4.0), 145 [(CH NCH CH (CH, )COOCH ] 


3)2 
(Grace) 142(CH.1+) (240), 141 (2.0), 128 (25.0), 
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ee UR ye LU ae) pe O06 (45,097,799. (5.9), 36 (5,0), 
ee eee) Od) (ayo) » ode tay.) , 59° (25,0), SB 
feces sy a sn0) rt) 5c, 5.5), 54 (355), 43° (5,5); 42 (20.0), 
41 [C,He] (100.0), 40 (10.0), 37 (5.5), 36 (3.0), 30 
eect watt Dea Goel, #2 Whe 0) e 2674 e000) en 15 630.0), 
m/e (% relative abundance). 


Anal .)Caled.,. for \CpHy_INOo:—Ci33.447 (He 6.32: 


8 ps 
Nod. 88 shounds G, 23.247 Hy 6.902 ahr 4ati- 


L(-)S-Methyl 3-dimethylamino-2-methylpropionate 
methiodide 

3-Amino-2-methylpropionic acid (20 g), phthalic 
anhydride (28.4 g) and sodium acetate (48 g) were heated 
under reflux for 2 h in glacial acetic acid (100 ml). 
The reaction mixture was then diluted with water and 
2-methyl-3-phthalimidopropionic acid allowed to cryst- 
allize. The product was recrystallized from ethanol/ 
water (1:3) and had m.p. 161-163°, yield 84.0%. lLitera- 
ture m.p. 161° (Balenovic and Bregant, 1959); m.p. 162° 
(Beckett et al., 1962), The i.r, spectrum (Nujol): 


1710, 1770 om (c=0); 2200-3200 cm + (acid OH). ‘The 
p.m.r. spectrum (100.1 mHz) (deuterated acetone): 2.221 


(4H, S, CeHyn), 5.98t (1H, s, -COOH, exchanged with D,0), 
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Cr 
iy 3 


i 
H 


Go327 5020 coun let.) JaiHz, ~CH, 


oH 


J=7HZ, -H,C-C-H), 8.991 (3H, d, J=7Hz, H-C-CH) . 
— H 


Bias. Calcd. tor Cj 5H, ,NO,: Cp eee ty a.0 63 


NeyeeeUGe POUunG: to solwels Hy 44.76: N, 5.33% 
2-Methy1l-3-phthalimidopropionic acid (39.4 g) 
and brucine (66.7 g) were dissolved in 95% ethanol 


(333 ml) and the product allowed to crystallize for 7 


fe 


days. The first crop of crystals had fa], =, 0 


(c 1.54 chioroform). The brucine salt was recrystallized 


twice from hot absolute ethanol to constant rotation, 


yield 47.6 g, [a]*°-35.86° (c 2.20 chloroform). Litera- 


ture [a], - 44,2° (Balenovic and Bregant, 1959); 


[a] **-39.7° io 2s cuLorororm). (beckett ¢€t al., 1962) . 


The brucine salt was suspended in water (1500 ml) 


and 4N hydrochloric acid (850 ml). The precipitated 


free acid, (-)-2-methyl-3-phthalimidopropionic acid, was 
fractionally crystallized three times from ethanol/water 


(1:3) and had m.p. 160-161°, yield 12.85 g, [a]4°-3.93° 


oy 
D 


-24.4° (c 0.98 chloroform) (Balenovic and Bregant, 1959); 


(oe 1.37 chiorotorm). Dbiterature m.p,. 145146", [a] 


hee. 149-1467, [a] <*-20.1° (oe JS ehtaroezcarm) (Beckett 


et al., 1962), 
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Anal~eCGalcdsstor Cy oH) 4 NO,: CeaG led Bolg Ana. G ¢ 
Neeom00ewFoundea6le6QeeH,. 4.722 N7Gg 5.85. 

The free acid (12.8 g) was heated under reflux 
in glacial acetic acid (28 ml) and hydrochloric acid 
(35 ml) for 8 h then allowed to stand overnight. The 
precipitated phthalic acid was filtered off, the fil- 
trate extracted with diethyl ether (3 X 20 ml) and the 
acid extract then evaporated to dryness under vacuum. 
The resulting (-)-3-amino-2-methylpropionic acid hydro- 


chloride, yield 7.5 g, had [a]4**-1.55° (c 1.35 H,0). 


2 

The crude amino acid hydrochloride (7.5 g) was 
dissolved in water (200 ml) to which 10% palladium/ 
charcoal (7.5 g) and an aqueous solution of formalde- 
hyde (40% w/v, 20 ml) were added. The solution was 
stirred under an atmosphere of hydrogen at room temper- 
ature and pressure until the theoretical amount of hy- 
drogen had been consumed and the reaction mixture ceased 
to take up hydrogen. The reaction mixture was filtered 
and the solvent removed under reduced pressure. The 


paraformaldehyde formed was removed by redistillation 


from water. The i.r. spectrum of 3-dimethylamino-2- 


methylpropionic acid hydrochloride (thin film): 1710 ee 


(acid C=O). 
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The crude dimethylamino acid hydrochloride was 
heated under reflux in methanol/3% HCl (200 ml) for 


28a hs. The solvent was then removed under vacuum to 


yield methyl 3-dimethylamino-2-methylpropionate hydro- 


chloride...» The 4).r.<epectrum (thin, film); 1720 cm? 


(ester C=O). 

The ester was dissolved in water (5 ml) and 
neutralized with cold 20% sodium hydroxide. ‘the 
aqueous solution was made into a slurry with potassium 
carbonate and extracted with diethyl ether (3 X 20 ml). 
The ether extract was then dried over anhydrous sodium 
sulfate, concentrated to 10 ml and diluted with 10 ml of 
acetone. A cooled solution of an excess of methyl 
iodide in acetone was added to the ether/acetone solu- 
tion and S(-)-methyl 3-dimethylamino-2-methylpropionate 
methiodide was allowed to precipitate. The compound was 


recrystallized from acetone/diethyl ether, m.p. 93°, 


yield 0.6 g, [a]*?-2.50° (c 1.92 90% ethanol). The i.r. 
spectrum (Nujol): 1715, 1730 cm? (C=0)., The p.m,r. 
CH3 


spectrum (D0): 5.54-6.301T (1H, m, “H2C-C-H) , G.L67 


ote 
=<) er -OCH,), 6s340/,307, (2H, m, ~CH5-C-), 6.821 
H 
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ap \ 
CoH} st -N(CH)3), Groot (SHY ad, v=7hz, Hecoks The 
pe 


mass spectrum: 254 (0.3), 145 [(CH NCH,CH (CH) COOCH 


3)2 3] 
(0-5) 142 TeReEL Mets )Fe128) (31.07 yi127 (2779) "101 
(26), LOOM yp? "5.2),*85 (3.5)9" 70" (25695 ° 69 
(38.2), 68° (685) 759 Hae By pess [ (CH) .N=CH1 E00) 
of (9. So om (60m) F554 (502) -peaer (4.45 4A ee2) eas 
(22) pee ores) Ave 9b eS) 9 408(1497)., 39° (3922) ,938 
Lbel)G 0 “Vol. 2s co. 7) eess (827)5 27 (639772673 -5), 
18: (303) > LSP oa 4 A es 1.08) 7 OR ZG Ey ie 
($ relative abundance). 

Anai~ Caicad for CoH, gINO.: GC, @SSVaa7"H 7-625 2? 
No 4588 SeFound: CyPsst417°R, 6546; FN, ° 4.86% 

The absolute configuration of this compound can 


be deduced from the work of Beckett eteal. 7 (l962utsee 


chemistry discussion). 


D(+) R-Methyl 3-dimethylamino-2-methylpropionate 


methiodide 

The mother liquors from the brucine salt of the 
S(-)-isomer (see page 180) were combined and evaporated 
to dryness, yield 53.6 g. The salt was suspended in 
water (1325 ml) and 4N hydrochloric acid (935 ml). (+)- 


2-methy1l-3-phthalimidopropionic acid was allowed to pre- 


Cipitate. The compound was fractionally crystallized 
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from ethanol/water (1:3) and had m.p. 161-162°, yield 
ae, > a $2 $3 2362. (owl22 rchloroform).. 

Dnal., Calcds, for C1 5H, NO,: ee Oi) os Oe a 6% 
126.00, eFound: CC; 61,40?.H,.52007 NN,» 6,28. 

The acid was hydrolyzed and esterified as de- 
scribed for the S(-)-isomer. (+)-3-Amino-2-methylprop- 


ionic acid, yield 6.4 g, had [a]<>** + 1.33° (c 0.98 HO). 


The i.r. spectrum (Nujol): 1720 em > (acid C=O). 


R(+)-Methyl 3-dimethylamino~2-methylpropionate 


methiodide had m.p. 94-95°, yield 1.9 g, page -” 2. 2S 
(c 1.90 90% ethanol). The i.r. spectrum (Nujol): 1715, 


1730 cm? (ester C=O). The p.m.r. spectrum (D,0): 53 70> 
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633000 (2H, m -CH,-C-H), 632 07-03H.,) si, -OCH3), 6.40-7.001T 
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| 3 ae 
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J=7HZ, H-C-CH,) The mass spectrum: 145 
at 
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14 (2.5), m/e (% relative abundance). 


AnaheeCakeod alors H, g INO Ge 33x44 erilin 9-32; 


8 om 
N, 4.88. Found: C, 33.42; H, 6.47; N, 4.96. 


2-Dimethylamino-ethyl and -butyl acetates 


2-Dimethylaminoethyl acetate methochloride (Acetylcholine- 
Fluka) 


The commercially obtained sample had m.p. 151- 

151. S¢hanthiediemyspectrummNujol) =. L735 cm + (ester 

C=0) 4.1 *Theeprym.r.espectrum (D0): 522835.561 ;(2H¢am, 
+ 


-CH, 268 aGHS7)h, | GyidFt 


2 


-O-), 6.10-6.341t (2H, m, -N-CH, 
+ 


(9H, (ay -N(CH3) 3), We CO Tehobiy “Siz -COCH,). The mass spec- 
+. 
Pri oe es  PUCH: ) SNCHY@E ROCOCH=)] (048), 472°>(2.2), 
37a 42 2 3 


7% CARD} 15S, $403) 7as3 7 1KCH N=CH, ] (100..0);8523043 23m, 


3)2 
5G 0204052 (359) 55509 (l2v1)), 440(3.5)47 438 (Oa), 42 
(8.6), 30 (5.0), m/e (% relative abundance). 

Anal. Calcd. for CoH, ¢CINO,: Ce 46.24 5507. 92367 


NOS. 7LlompOUnd! «, 20.197 HU, 9. la, NY lod. 


(+)-2-Dimethylaminopropyl acetate methiodide 
(a-Methylacetylcholine) 


2-Dimethylaminopropan-l-ol (0.52 g) was dissolved 


in absolute ethanol (50 ml) and an excess of methyl iodide 
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in absolute ethanol added. Diethyl ether was added to 
initiate crystallization and the resulting 2-dimethyl- 
aminopropan-l-ol methiodide allowed to crystallize over- 
night, yield 0.94 g. The 2-dimethylaminopropan-1l-ol 
methiodide (0.9 g) was then heated under reflux with 
acetic anhydride (25 ml) for 30 min. Diethyl ether was 
added to the cooled reaction mixture and the resulting 
2-dimethylaminopropyl acetate methiodide allowed to 
crystallize. The compound was recrystallized twice from 
ethanol/diethyl ether and had m.p. 129-130°, yield 54.3%. 
Literature m.p. 131-132° (Beckett et al., 1963); m.p. 
137-138° (Cocolas et al., 1970). The i.r. spectrum 


(Nujol): 1740 emt (ester C=O). The p.m.r. spectrum 


a 

(D.0) : 5. S85 7567" C2ZH Ym; Bi dite Se 584=<6726r°(LH, m, 
CH, G 

mes 2 
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-COCH,), 8.461 (3H, doublet of triplets, J=7 and 2Hz, 


CH 


3 
eg | 
3N-C-CH5-). The mass spectrum: 145 
H 
+. 
[(CH,) .NCH (CH,)CH,OCOCH 3] (4,5) iy) bam [CH,I.] L000), 124 


seedy ed ier) pee LGk Udi te heeen), 10 (15,5), .56 


(14.0), 44 (42.0), 43 (32.5), m/e (% relative abundance). 
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AnaburCaled. Sfor CoH, 9 2? 


N, “4.88. DRoun@inG@ cha 420 nce ;-oG 30 cN acd«i7 7. < 


INO,: C, 33.44; H, 6.32; 


D(+)R-2-Dimethylaminopropyl acetate methiodide 
D(-)-Alanine (B.D.H., [a]4°**-1.94° (c 5.31 H,0)) 


D 
(10 g) was dissolved in water (400 ml) to which 10% 
palladium/charcoal (10 g) and an aqueous solution of 
formaldehyde (40% w/v, 15 ml) were added. The reaction 
mixture was stirred under an atmosphere of hydrogen at 
room temperature and pressure until the theoretical 
amount of hydrogen had been taken up and the reaction 
ceased to consume hydrogen. The mixture was then heated 
to boiling for several minutes, filtered and the filtrate 
evaporated to dryness under vacuum. The paraformalde- 


hyde formed was removed by redistillation from water. 


The residue was crystallized from ethanol/acetone to 


give D(-)-2-dimethylaminopropionic acid, m.p. 186-186.5°, 


yield, 50.5%, [a]<°"*-8.43° (c 5.67 H,0). Literature 


17.5 16.5_ 
D D 


(c 5.1 ethanol) (Bowman and Stroud, 1950). The i.r. 


moiperlsét uta] -o, noen(ctSrl2 HO), [a] Sa5e 


spectrum (Nujol): 1600 cm? (acid C=O). The p.m.r. 

; 
spectrum (D,0): 6.281 (1H, q, J=7Hz, CH,-C-H), 7.16T 
(6H, s, -N(CH) 


2) 3) 


Analevealcdt ctor C,H, ,NO,: C,g5ve24; H, 9.a7; 


1 
8.521 (3H, d, J=7Hz, H-C-CH 


~- 


uM) myttoeqe 








Hi) 188.0 (0.4) muxtosge 
yHE) 7S2@.8 v4 (gHS) A=" ya HO) 
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ee Loi oe ne OPO, *“Pis73: 
D(-)-Dimethylaminopropionic acid (5.0 g) was 

heated under reflux with butanol/3% HCl (50 ml) for 

49 h. The excess solvent was removed under vacuum and 

the residue dissolved in water then neutralized with 

10% sodium carbonate. The aqueous solution was extracted 

with diethyl ether (3 X 20 ml), the ether extract dried 

over anhydrous sodium sulfate and evaporated to dryness. 

No attempt was made to purify the resulting oil, D-_ 


butyl dimethylaminopropionate, yield 83.9%. Literature 


WSs. h-see/ Fam, We Per. 4264 bepaye teas © (6d °P 16 


D D 
Srranul)*(eecrece jet ’al., (983), “THe “i-¢r. spectrum 
(thin film): 1730 cm + (ester C=0). 

D-Butyl dimethylaminopropionate (5.8 g) was 
dissolved in anhydrous ether (50 ml) and added slowly 
to a vigorously stirred solution of lithium aluminum 
hydride (2 g) in anhydrous diethyl ether (200 ml). 

When the reaction mixture stopped boiling it was heated 
under reflux for 2 h then stirred at room temperature 
for 18 h. Water was added to quench the reaction and 
the reaction mixture made alkaline with 10N sodium 
hydroxide then extracted with diethyl ether (3 X 20 ml). 


The ether extract was dried over anhydrous sodium 


sulfate and evaporated to dryness to give 
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D-2-dimethylaminopropan-l-ol, yield 40.0%, Literature 


[a] 47° °-3.83° (hegketweet all, 1963). Thesi.r. of the 


ie od el (LN me tam) t3200-3500 cm} (primary alcohol 
OH). 

D-2-Dimethylaminopropan-l-ol (1.4 g) was 
dissolved in cold acetone (50 ml) and a cooled solution 
of an excess of methyl iodide in acetone added. The 
resultant precipitate of D-2-dimethylaminopropan-1l-ol 
methiodide was recrystallized from ethanol/diethyl ether 
and had m.p.> 250° (decomp.) yield 59.5%.” The product 
was not. purified further. Literature: m.p. 298.5- 


299.5° (decomp.), [a]<**° 


+4.15° (c 2.5 90% ethanol) 
(Beckett et al., 1963). The i.r. spectrum (Nujol): 
3315 cm + (primary alcohol OH). 
b-2-Dimethylaminopropan-l-ol methiodide (1.9 g) 
was heated under reflux for 2 h with acetic anhydride 
(950 ml). The excess acetic anhydride was removed 
under vacuum and the residual oil crystallized from 
ethanol/diethyl ether to give the product D(+)-2- 


dimethylaminopropyl acetate methiodide, m.p. 109-110°, 


yield, 76.5%, [a]**+9.30° (c 5.14 90% ethanol). Litera- 


oie 


ture: m.p. 107-108°, Tol, +8.61° (c 5.0 90% ethanol) 


(Beckett et al., 1963); m.p. 106-107°, Mia 316.554 


Geo” (Go i900 H,O) (Cocolas et al., Ge eT Sa i as Re ope 
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spectrum (Nujol): 1730 cm? (ester C=O). The p.m.r. 


_ 


spectrum (D,0): Seo Moet, Lat, Ml; -C-CHo-), 5.84-6.281r 
H 


= 
(1H, sextet, J=7Hz, FN-C-CH,-), 6.771 (9H, Ss, -N(CH3)3), 

H 

H 


gmk A a ee ps er ~COCH,), Retr Lone Gouplat.~or triplets, 


Gs 
J=7 and 2 Hz, F-CoCH =). The mass spectrum: 145 
H 
1 + 
[ (CH) ,NCH (CH, ) CH,OCOCH, ] (2.0) 4, La2 [CH,I.] (50.07), Lad 


(Pawo eu sti. G), Boo (2.9), L27 (8.6), 88 (5.8), 86 


+ 
Wea bees leo), fe L{Ce N=CHCH 3] UG) aus eee) 


3) 2 
Vow ee omriere) >, SF (8.2), SG 0C5.2), @45°°(2.0),. 44 
PO. ol eao Mioea), a2 (oe), 42 Ce.6), 15 (14.4), m/e 
(% relative abundance). 

Ang... GCalca. for CoH, gINO.: C7, 235%4) ‘ie Gace? 
WN, 4.88. Found: C, 33.18: H, 6.481 N,- 4.78. 


L(-) S-Dimethylaminopropyl acetate methiodide 


The title compound was prepared in a manner 


identical to that described for the D(+)-isomer. L(+)- 


2-dimethylaminopropionic acid was prepared from L(+)- 





ioe 


alanine (Aldrich, [a]%°"*+1.78° (c 4.90 H,0) ) (10 g) 


and had m.p. 187-188°, yield 78.0%, [a]4?**+9.18° 


(c 4.87 HO). The i.r. spectrum (Nujol): 1600 om? 


(acid C=O); The p.m.r. spectrum (D0): bae2t (1H, a; 


i] 
J=7Hz CH,-C-H), 7.141 (6H, s, -N(CH 8.521 (3H, d, 
eet 


J=7Hz, H-C-CH) 
Anal¢wCadcd. for C,H, ,NO,: gees ERS Tp paar 
Needs SGte Pound 0,551 S630eH,. 0.557.,N,..122 10. 
L(+)-Dimethylaminopropionic acid (7.3 g) was 
esterified with butanol/3% HCl to give L-butyl dimethyl- 
aminopropionate, yield 45.7%. The ester was not 
Dit Gted,s,Literature. bap.) 91-92°/19. mm,.n ae 


D 
[a]*°-26.2° (c 1.1 ethanol) (Beckett et al., 1963). 


LwlAdid, 


The} 1.3% ispectrium «(thin film): 1730 cm?) (ester C=O). 
L-2-Dimethylaminopropan-l-ol was prepared by 

reduction of L-butyl dimethylaminopropionate (4.75 g) 

with lithium aluminum hydride, yield 41.3%. No attempt 


was made to purify the product. Literature Bale ae 


ed 
(ethanol) (Beckett et al., 1963). The 1.r. spectrum 
(thin film): 3330-3500 cm + (primary alcohol OH). 
L-2-Dimethylaminopropan-1l-ol methiodide was 
prepared in the usual manner from L-~2-dimethylaminopro- 
paitleol oi. 1 gly mepsr 250% (decomp.), yaeld 44.4%. 


ee War | 


Literature m.p.> 299° (decomp.), fol, Sine (C 2.5 
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90% ethanol) (Beckett et al., 1963). The i.r. spectrum 
(Naa ol) +" 3315 cmt (primary alcohol OH). 

Puate. warca. Tor CoH, , INO: Cee oor ny, 6.58% 
Teeter ound GC, 2oul2+ Hy 6.77+°N,° 6.05. 


The above compound was then heated under reflux 


with acetic anhydride as described previously to give 


L (-)-2-dimethylaminopropyl acetate methiodide in gquantit- 


ative yield, m.p. 109-110°. The compound was recryst- 
allized three times from ethanol/diethyl ether. ‘Two 
crops of crystals were obtained, the first had [a] ** 
-9.07° (c 5.04 90% ethanol); the second crop of cryst- 
als obtained from the mother liquors had [a]2*-8.04° 


(c 5.08 90% ethanol). Literature m.p. 108-109°, 


[al*’-9.07° (c 5.0 90% ethanol) (Beckett et al., 1963). 


The i.r. spectrum (Nujol): 1730 cm + (ester C=0). The 


ies 
p.m.r. spectrum (D,0) : 6.54=5,007 (2He om, ~C-CH5~) 


li 
CH 
tl 3 + 
5,84-6.261r (1H, m, ZN-C-CH-) , BenOt. Ot ane “N(CH3) 3), 
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pe are ol -~COCH,), 8,471 (3H, doublet of triplets, 


CH 
ie 
J=7 and 2Hz, “N-C-CH>~)- The mass spectrum: 145 
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[ (CH NCH (CH) CH,OCOCH 5] Reig Poe ibe) [CH,It] CAE CW., 


3) 2 
ba (76) mel dG. (2,2)6 239 £2.6)49128 (2.2), 127 (14.0), 
Siaiveo, Con t>.0), 05 (2.0), 73° (10.0) 7 se 
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[ (CH N=CHCH ,] Oe Det Oa Oy oe see alos 0), 


3)2 
By (4. Une beet 0). 259d2,5) 4 24. (15. 2) As 11642) ,5 
a2e 61 004)..3 Ads (356) 4 Sad Ze Advasted 2:4) 200] (34224+L8 
(7.6), 15 (16.2), m/e (% relative abundance). 
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Ne74588, Bounds.Co4330 29 sehen 6-371 Nerd - 88e 


(+)-1-Dimethylaminoprop-2-yl acetate methochloride 
(8-Methy lacetylcholine-Aldrich) 


The commercially obtained sample was recryst- 
allized from ethanol/diethyl ether and had m.p. 168- 
169°. The i.r. spectrum (Nujol): 1730 cm + (ester 


€=0)..) The.p.ms lee Spectrum (D0): 64.2656. 8.873 L1E,..m, 


ia ar 
-CH,-C-H), 5.50-6.461 (2H, m, -CHj-C-), 6-80t (9H, Ss, 
| H 
+ 
SN(CH3) 5), 7.871 (3H, Ss, -COCH,), 8.701 (3H, d, J=7Hz, 
' 
H-C-CH,). The mass spectrum: 145 
a= EH 
he 


[ (CH) .NCHCH (CH) OCOCH 5] {0.3635 .b8 teaver, 86 (356), 89 


+ 
flea, ue (tog N=CH, ] (100.0), Se sas0), 20 (20.0)), 44 


3)2 
fe 8), 44 oo 42th) 30 (ae be: m/e (% relative 


abundance). 
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UG GAR OF: Mo 3 RB i. CoH, gC1INO.: Geta) Ute eae} 


Noga Owen aC feo. Os He 8998 aN oe De08. 


L(+) S-1-Dimethylaminoprop-2-yl acetate methiodide 


The ammonium salt of d-a-bromocamphorsulfonic 
acid (Aldrich) (25 g) was suspended in ethyl acetate 
(100 ml) and concentrated hydrochloric acid (10 ml). 
The ammonium chloride formed was filtered off and the 
filtrate evaporated to dryness yielding the free 
a-bromocamphorsulfonic acid as a viscous light yellow 
oil. The free acid and racemic 1-dimethylaminopropan- 
2-ol were dissolved in 95% ethanol (45 ml). The 
neutral solution was evaporated to dryness under 
vacuum, then ethyl acetate (45 ml) was added to the 


residue and the salt allowed to crystallize. The 


initial crop of crystals of (+)-l-dimethylaminopropan- 
2-ol hydrogen a-camphorsulfonate, yield 33.79 g had 


24.5 A : 25 3 
fo], iyo Pete tow ined Cee mp & Fe | H,O). Literature [olegg, 369 
is ag Pg 8, HO). (Cocolas et al., 1971). The salt was 


recrystallized from ethyl acetate/ethanol (10:1) 

(6 ml/g of salt) to constant rotation. The compound 
was allowed to crystallize at room temperature for 

24 h each time. After six recrystallization the pure 


oo a0 


(+)—salt, yield 11.3 g,.,had [a], 790 30> AG. 1. ae 
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90) - Literature pene’: * 


H +80.6° (c 1.0 HO) (Beckett 
eteal. 1963); [along t74.0° (ad 80 HO) (Cocolas et 
alee L971) [a] ,+83.5° (Major and Bonnett, 1935). 

The (+)-salt (11 g) was dissolved in water (5 
ml) and neutralized with cold 20% sodium hydroxide. 
The aqueous solution was made into a slurry with 
potassium carbonate and extracted with diethyl ether 
(3 X 20 ml). The ether extract was dried over an- 
hydrous sodium sulfate, concentrated to LO«m1,, jthen 
diluted with acetone (10 ml). A cooled solution of an 
excess of methyl iodide in acetone was added to the 


ether/acetone solution and crystalline (+)-1l-dimethyl- 


aminopropan-2-ol methiodide separated. The compound 


had m.p. 174°, yield 1.6 g, [a]4°+24.70° (c 1.85 908 
ethanol). Literature m.p. 174-175°, [a]47*7+27.27° 


(c 2.2 90% ethanol) (synthesis from L(+)-lactic acid), 
m.p. 177-178°, [a]>*+29.7° (c 2 90% ethanol) (Beckett 
et ,al.; 1963); m.p. 176-177°, [a]+24.7° (Major and 
Bonnett, 1935). 

S (+) -1-Dimethylaminoprop-2-yl acetate methiodide 
was obtained by heating (+)-1-dimethylaminopropan-2-ol 
methiodide (1.6 g) under reflux in acetic anhydride 


(25 ml) for 45 min. The excess acetic anhydride was 


removed under vacuum and the residue crystallized from 


iD 





ethanol/diethyl ether. The compound had m.p. 176- 


2s) 


EGS yieid 81/5 gy Lal, +25. SS-¥S(C 22.104? 90S teth- 


anol)+°+ Literature m.'py) 775178. 5%, [a] 6*°7+27.0° 
(c 2.0 90% ethanol) (Beckett et al., 4963) a['a] 
HAP OOREE 0-25 88e( o TS0 0 HO) (Cocolds tet alba, 19 70) 4 


The i.r. spectrum (Nujol): 1735 cm? (ester C=O). 


CH 
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3 


The p.m.r. spectrum (D0): 6.10-6.707' (3H, 'm, -CH,-C-H) , 
ore 4 


G27or (9H, s), aire 
(SH d/Ail=/7HZ, H-C-CH,) . The mass spectrum: 145 
J. ' 


[(CH3)5 


hase (C3H./).s); -COCH,), 8.66T 


NCH CH (CH,)OCOCH,] (0.76), 142 [CH 17] 042.0). 


140) Gi. 78) APso( 20) Poremec,,.0p7 7/5102 (5.4), 88 (3.6), 


86 (4.0% fnessate. spp 708 c6pyess-e4 28) 758 [(CH3) 5 


(cOO Ai? 162 a8)ynedS 1GkO.0)ca 2c B10), Giscl220)4, 


Sure a dy Aero ta. 2)\ 7 1s “02 co} pytsm(4200)pen/e-(s rela~- 


tive abundance). 


Attae. (GaLceds ior CoH giNO.: Cp .3 3.144 PH, G6 23'2; 


eae 
N14. So? Bounds G, 3S. Pe peap +6. ISpen PS. 26. 


+ 
N=CH,] 


The absolute configuration of this compound was 


determined by Beckett et al., 1963. 


D(-) R-1-Dimethylaminoprop-2-yl acetate methiodide 


Racemic 1-dimethylaminopropan-2-o0l (40 g) and 


s r 
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(+)-tartaric acid (52.5 g) were dissolved in 96% 
ethanol (555 ml) and allowed to crystallize. The 
initralvcrop of crystals); yield, 76.5 g, had fae 
Fie Os 0 9 FO H,0). The salt was recrystallized 
fifteen times from 96% ethanol (6 ml/g salt) to con- 
stant rotation. The compound was allowed to crystall- 
ize each time for 24 h at room temperature. The pure 
(-)-1-dimethylaminopropan-2-ol hydrogen tartrate, 
yield 14.0 g, had [a]*>-3.15° (c 10.84 H,0). Litera- 


pure [al **?-10.84° (c 4.8 H,0) (Beckett et al., 1963); 
25 , 
[a] -g9,3+0-5 essa Ee PAY) HO) borcclas et al... 4971). 


[a]-10.7° (Major and Bonnett, 1935). 
The salt was then converted to the acetate 


methiodide in manner identical to that described for 


the (+)-isomer. (-)-1-Dimethylaminopropan-2-ol 


methiodide had m.p. 172-173°, yield 5 g, [a]4°-21.40° 


ert) sue eciianeny). ts terature m.p. 175.5-176.5°, 
[a]*?-29.04° (c 2 90% ethanol) (Beckett et al., 1963); 


M.D. liosebr-lii.o°, [ole2a./” (Major and, Bonnett, 1935) . 


R(-)-1-Dimethylaminoprop-2yl acetate methiodide 


had m.p. 174-175°, yield 4.4 g, [a] “°-20.29° (c 1.70 
uO% ethanol) [a] -**>-26.60° fe 2.15 958 ethanol). 


Literature m.p. 176-178°, [a]4°-27.38° (c 2.0 908 


ethanol) (Beckett et al., 1963); Culp 37 26.8° 
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fc. .0 HO) (Cocolas et al., 1970). The i.r. spectrum 
(Nujol) = 1730 cm? (ester C=O). The p.m.r. spectrum 


CH, 


| 
(D0): 6.10-6,./07 (3H, m, -CH,-C-H), cise be. Gee Wma jee 
| 


+ 
H-C-CH.,). The mass spectrum: 145 
Leap 
1 
[ (CH) ,NCH.CH (CH) OCOCH ] Cela I ie: Be [CH,I.] eno ee 


Pele tage ame on tye Geer) ob (3.7), 85 (5.6), 59 
+ 
(25. 5)%,- 58 [ (CH) ,N=CH,] TOU.) 46 (5.4), eo. (8.9), 


7.841 (3H, s, -COCH,) 8.641 (3H, d, J=7Hz, 


Ae To.) (eee), 20°(S.4)), 15 (3.7), m/fe.(% relative 
abundance). 


Ana... caLeo. £or Cc H, g INO Covoso.an . (By 6Vs2: 


8 2° 
few asca, Four, c, oo.lo: H, G.22: 'N, 4.78. 


Methyl 3-diethylamino-propionates and -butyrates 


Methyl 3-diethylaminopropionate 


The title compound was prepared from diethyl- 
amine and methyl acrylate in quantitative yield using 
the general method for the preparation of 3-amino- 
esters. The reaction mixture was heated under reflux 
for 48h eracr to: fractional distillation... The com- 
pound had b.p. 50-53°/5 mm. The i.r. spectrum (thin 


vb 


film): 1740 cm~ (ester C=O). The p.m.r. spectrum 
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(CCl,): 6.461 (3H, Ss, -OCH,), 7.15-7.901 (8H, m, 


Aco. 


<a Og -CH,-), 9.081 (6H, t, J=7Hz, -N(-CH,-CH3) 5). 


2 


Ania. at Cas. LOL CoH, 7NO,: Cer Olevia ff, 20s 164 


Neeo. pe Pound. c, of,GU5 H, LO.S97  N, S.62. 


ihe nydrochloriae had m.p. 128°. “The i.r. 


bi a 


spectrum (Nujol): 1740 cm~ (ester C=O); 2460-2540 cm 


+ 
($N-H). The p.m.r. spectrum (CDC1,): -1.501 (1H, s, 
aa 
SN-H, exchanged with Do0). 
Anal... Caled... or CoH, gC1NO.: epee ee A, Gee Be 
O ete Gee eines Cao. shin 96a 72 de OD 
The methi.Gdige, had-in.p. 138°, .The.i.r. spectrum 


(ester C=O). The p.m.r. spectrum 


(Nujol): 1740 cm 
+ 
(D,0): 5.001 (3H, s, ZN-CH,). 
Arie ea Oo. Oy CoH» INO.: te Gata? liek Cie Oe 


NW) 4 boe oun 2,9 25.097. 0,. 6.707 Naas bos 


Methyl 3-diethylaminobutyrate 


The title compound was prepared in 5.3% yield 
from diethylamine and methyl crotonate using the 
general method for the preparation of 3-amino-esters. 
The reaction mixture was heated under reflux for 48 h 


prior to fractional distillation. The compound had 
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b.p. 40°/10mm. Literature b.p. 84°/18 mm (Adamson, 
2950). ethesien. spectrum (thin .film)s, 1730 om} (ester 


C=O). The p.m.r. spectrum (CCl,): Gxt tT SH os. -OCH,), 


te 
6.50-7.101 (1H, m, -C-CHj-), 7.35-8.15t (6H, m, 
H 
Gia P25 oe apace ae 
N=C-CHQ=),_8380-9.15c (9H, m, N-C- ). 

7 | w \ 

CH Clee H CH,-CH,. oH 
Anal. Calcd. for C,H,,NO,: C, 62.36; H, 11.06; 


oO Lone 2 
eos oeerounds CC, Har9; FH, 110.677 N, 8.19. 


The hydrochloride had m.p. 101-103°. The i.r. 


spectrum (Nujol): 1730 cm - (ester C=O); 2470, 2510, 


1 


+ 
2550, 2590 cm_ (SN-H). The p.m.r. spectrum (CDCl): 


aa 
-1.171 (1H, s, $N-H, exchanges with D,0). 


Anal. Calcd. for C,H, )C1NO>: Cy. 91.547 BH, 9.08% 
he oeoo, Found: .C, Silud 77 2H,329. SS; N, O.57% 

The methiodide had m.p. 105°. The i.r. spectrum 
(Nujol): 1740 cm > (ester C=O). The p.m.r. spectrum 
(D,0): 7.087 (3H, s, SN-CH,) 

Anal, Caicd. tor Cy Hap INO: 
Ny 442. Found: C, 38.34; H, 7.24; N, 4.62. 
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Methyl 3-diethylamino-2-methylpropionate 


The title compound was prepared from diethylamine 
and methyl methacrylate in 43.4% yield using the general 
method for the preparation of 3-amino-esters. The 
reaction mixture was heated under reflux for 48 h prior 
to fractional distillation. The compound had b.p. 
48°/5 mm. Literature b.p. 77°/15 mm (Bieber, 1950). 

The i1.r. spectrum (thin film): 1740 en (ester C=O). 


the Dedists BpectLLum. (CCL O24et Mon, Sy -OCH,), ee 


4)? 


CH4-CH if CH, 

Tsuot Cri, , N-CH.,-C-H), 8.849.261 (9H, m, 

Jf { 

CH,-CH., 

a ae 723 

N-CH.-C- ). 
/ Ais 
CH,CH., H 


Alngis (calcd, fer CgH, gNO.: Co. Gide Gta 5 pike ol oe 


My, UsuUeeorouna. €r 62.46) H, 11.049 N,. 8.23% 
the hydrochloride had mp.' 70-72°. The i.r. 
spectrum (Nujol): 1730 cm + (ester C=O). The p.m.r. 


+ 
spectrum (CDC1 4): ieee LLNS oe =N-H, exchanged with 
D,0). 


Anal. Caica, “ior CoH )C1NO.: yl Oe vide yo ee 


hy 6.00. -FOUnCE CC, Sisosji Hy, 9.637 BH, 6.63% 
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Methyl 3-dipropylaminobutyrates 


Methyl 3-dipropylaminobutyrate 

The title compound was prepared in 39.6% yield 
from dipropylamine and methyl crotonate using the 
general method for the preparation of 3-amino-esters. 
The reaction mixture was heated under reflux for 116 h 
prior to fractional distillation. The compound had 
b.p. 78°/6 mm. Literature b.p. 116-118°/15 mm (Adamson, 
ieee tae 1.ts spectrum (thin film): 1/30 cm} 


(ester C=O). The p.m.r. spectrum (CCl,): 6.32 (BH s, 


a 
~OCH3), Goose 7.00: {1 Hy. mm; oS i.e on wor L6H, 
H 
Deter hay ae Haat teatia, 
N-C-CH.-), Gao Geet weet J (AT om. N-), 
7 | / 
~CH,-CH. H CH,-CH.-CH, 
ates sme me 
§795=9 2351 (9H, my; N-C- ). 
/ | 
CH3-CH,-CH, H 
Arai ‘Calscas 68 C,1H,3N0,: @h 65.43 po /11.40; 


Wyo 94. Pound, ‘65409 f4H pe bleadp My 6. Aas 


The hydrochloride had m.p. 92-94°. The i.r. 


au iz 


spectrum (Nujol): 1735 cm” (ester C=O); 2500-2700 cm 
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+ 
(SN-H). The p.m.r. spectrum (CDCl): Sievert (lH, 6, 
+ 
N-H, exchanged with D,0). 


x 
/ 
Anal. «Caled; -£6n C1 H,4CiNo.: Spoon, 10,10; 
Peo, POUNI SIC woo so lid y 106235. Neb e02s 
The «methtedide had m.p. 105°. The i.r. spectrum 
CN a1 jes 730 cm + (ester C=O). The p.m.r. spectrum 
+ 
x 
(D0): 6.881 (3H, s, >N-CH3). 
Anal. Calod «sfon Ci oHogINO,: 
Ny 406 eP ound Cy.941 G5 6H oy 7.8392 D4 2). 


Ce awe) Ss pip 21 545 


Methyl 3-pyrrolidino-propionates and ~butyrates and 


their derivatives 


Methyl 3-(1l-pyrrolidino) propionate 


The title compound was prepared from pyrrolidine 
and methyl acrylate in 82.7% yield using the general 
method for the preparation of 3-amino-esters. The 
reaction mixture was heated under reflux for 22 h 
prior to fractional distillation. The compound had 
b.p. 90°/18 mm. Literature b.p. 101°/22 mm (Barrass 
et al., 1968); 76°/5 mm (Matkovics et al., 1961). 

The i.r. spectrum (thin film): 1735 cm? (ester C=O). 


The p.m.r. spectrum (CCl,): GrA27 GH. GS; ~OCH,), 


4 
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CH 
e2 
7.17-7.801t (8H, m, [ Ys-c-ci"), 8.15-8.50t 
CH, 
i aN 
(4H, m, | N-). 
1,C/ 


Anak.¢Calicd: for CoH, -NO.: @9-61.757°H7"9 355; 
NP 28T92.4Pound: *CF 61221 74H7, 29 -39F8N> Bells 

The hydrochloride had m.p. 123-126°. lLitera- 
ture mJpv)+128°°(Matkovics*et*%al.y°1961).° The*i-.r. 
spectrum (Nujol): 1730 cm ~ (ester C=0); 2460, 2560, 
: ae The p.m.r. spectrum (CDC1,): — R201 


+ 
(LAS 65 SN-H, exchanged with D,0). 


2650 cm 


AnaeLe@zcaitcdveror CoH, CINO.: €FOAI VSL; CH POS C26; 


NeeC7OLs. SFSuiid: CHed9VGRPUHyY BES3SPONP 2 7E2Z4, 
The methiodide had m.p. 167°. Literature m.p. 


167° (Barrass et al., 1968); m.p. 166° (Matkovics 


et al., 1961).\e8The iirt spectrum, (KBr) : °1730 cmt 


(ester C=O). The p.m.r. spectrum (D,0) : 67420), (3H; Ss, 
+ 

be * 

7N-CH 3) : 


Analv- Caled, vEoE<C H) gINO BrE55 338; Hy 5.98; 


9 nt 
N, 4.65. Found. C, 36.01; H, 6.35; N, 4.28. 
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3-(1-Pyrrolidino) propionamide hydrochloride 
Pyrrolidine (10 g) and acrylamide (10 g) were 


dissolved in separate 50 ml portions of anhydrous 
methanol. The cooled amine solution was added slowly 
with stirring to the solution of acrylamide. The re- 
action mixture was heated under reflux for 48 h then 
diluted with diethyl ether and extracted with 2N hydro- 
chloric acid. The acid extract was then neutralized with 
2N potassium hydroxide and extracted with diethyl ether 
(3 X 20 ml). The ether extract was dried over anhydrous 
sodium sulfate and then evaporated to dryness to give 

an oil which was dissolved in absolute ethanol. When 
this solution was saturated with dry HCl, needle cryst- 
als were obtained and recrystallized from hot ethanol/ 
diethyl ether. The compound was obtained in 1.0% yield, 


m.p. 141-143°. The i.r. spectrum (Nujol): 1680 cm? 


I. 


+ 
(amide C=0); 2480-2640 cm (}N-H). 


Anal 4 Calcd.” for. Cc... .cLN 


15 2 
Noo 1L5. 63. Boundse Cp. 47.922) 0H, 8 Beis N,- 15,81. 


On di hs OGal He BAD: 


3-(1-Pyrrolidino) propionamide methiodide 


Impure 3-(l-pyrrolidino)propionamide (1 g) 
(see above) was dissolved in ethanol (10 ml) and an 


excess of methyl iodide in ethanol added. Diethyl 


206 


ether was added to cloud point. The resulting 
precipitate was recrystallized from hot ethanol/diethyl 
ether. The resulting compound obtained in quantitative 
yield had m.p. 81-83°. The i.r. spectrum (Nujol): 
1660 cm 2 (amide C=0). The p.m.r. spectrum (D0) : 
6.921 (3H, s, SN=CH,). 

Anal. ‘Caled. for CoH, 7IN,0: iy Soere ily Cele? 
Py, oor. *POuUnNds “CY, —34'"02; “HY, 6.29’; “N’, 9°.99". 


Methyl 3-(1-pyrrolidino) butyrate 


The title compound was prepared from pyrrolidine 
and methyl crotonate in 74.1% yield using the general 
method for the preparation of 3-amino-esters. The re- 
action mixture was heated under reflux for 44 h prior 
to fractional distillation. 

The compound had b.p. 41-42°/0.4 mm. Literature 
b.p. 100-102°/23 mm (Adamson, 1950). The i.r. spectrum 
FEHTAS Li lm)-2-1730 ont (ester C=O). The p.m.r. spectrum 


(CCl1,): Sear ™{SHy*s, -OCH,), S.9U"7.95T 7H, mM; 


CH, CH, 
' HaCeaN. 
\ A 
N-C-CH,-), 8.151 (4H, mee: Sydf: eh e5 lt BRSAl% a. 
A La Ho 
~CH., H 


J=7HZ, H-C-CH). 
as 


ra 
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Anal,’ Calcoa. for CoH, 7NO.: CO wGe wlor. His 2.04: 


Neatal daeFound: C, *63.057H1\9-98pn Na 4089. 
The hydrochloride had m.p. 140-145. The ier. 
spectrum (Nujol): 1735 ee (ester. C=-0)2 22460. 2530, 


1 


+ 
2660 cm (SN-H) . The p.m.r. spectrum (CDCl): ee OA 


a 
Clie. Ss, SN-H, exchanged with D,0).« 


Anaad a loads tor. a. No,: C, 52.01; H, 9.037 


9°18 2 
Won Be te er Bs et 9.6037 ON, 6.70. 
The methiodide had 90-91°. The i.r. spectrum 
(NugoL): L750 cm? (ester C=O). The p.m.r. spectrum 
+ 
\ 
(D,0): 7.08t (3H, s, ZN-CH3). 


maim Calica, “ror C Ho INO OP eg ey Se a 


10 = 
Wie 4.0L. Pound: ©.304.00;: «Hf olt2: N, 4.01. 


Methyl 2-methy1-3-(1l-pyrrolidino) propionate 

The title compound was prepared in 88.8% yield 
from pyrrolidine and methyl methacrylate using the 
general method for the preparation of 3-amino-esters. 
The reaction mixture was heated under reflux for 8 h 
prior to fractional distillation. The compound had 
b.p. 86°/14 mm. Literature b.p. 53°/0.2 mm (Barron 
et al., 1968); b.p. 86°/13 mm (Moffett, 1949). The 


1 


i.x. spectrum (thin film): 1730 cm” (ester C=O). The 


p-m.r. spectrum (DMSO.d¢): E.A2t lone Be -OCH,), 7.15- 
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py i 
\ 
7.80t (7H, m, N-CH)-C-H) , 8.25-8.411 (4H, m, 
/ 
HoCm\ | 
| N-), 8.85-9.001 (3H, m,-CH,-C-CH,). 


HoC~/ 2 | 


Aral scCalcas Tor CoH, 7NO.: C405. .639H,. 9.94% 
eee ten PONG ©, 65.027, H, 9.596; N, 8.16, 
The hydrochloride had m.p. 146-148°. The i.r. 


uN 


spectrum (Nujol): 1730 cm (ester C=O); 2460, 2590, 


2660 cm - 


+ 
(SN-H). The p.m.r. spectrum (CDC1,): =i 20 
+ 
Hao 5 <N-H, exchanged with D0). 
Aligie Colca. ror CoH, gC1NO.: Cpo2.0a. Ho srr? 


Nemes n sr OunG. ©, 52.55; H,. 8.81; N, 6.50. 


2-Methy1-3-(1l-pyrrolidino) propionamide hydrochloride 
Pyrrolidine (17 g) and methacrylamide (24 g) 


were dissolved in separate portions of absolute ethanol 
(50 ml). The cooled amine solution was added slowly 
with stirring to the solution of the amide and after the 
addition was complete the reaction mixture was heated 
under reflux for 26 h. The crude reaction mixture was 
cooled, diluted with diethyl ether and shaken with 2N 


hydrochloric acid. The acid extract was then neutralized 
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with 10N sodium hydroxide and extracted with diethyl 
ether (3 X 20 ml). This ether extract was dried over 
anhydrous sodium sulfate then saturated with dry HCl 
and the resulting white precipitate was crystallized 
from absolute ethanol/diethyl ether and had m.p. 173- 
L22°.. asthe yin. spectrum e(Nuje}): 471680 cm + (amide 


1 


+ 
C=O); 2460-2660 cm ~ (SN-H). 


Ana. atGa Lod .s8&or CoH, 4 2 


Ng okt ot ound :.4C,,4 49.. 50 dhe 95.05 x phon ht. 96. 


GL NixOsorGs,, 49°h87 oe ehlithi.c83 > 


2-Methy1-3-(l-pyrrolidino) propionohydroxamic acid hydro- 


chloride 

Methyl 2-methy1-3-(l-pyrrolidino) propionate (5 
g) and hydroxylamine hydrochloride (2 g) were dissolved 
in separate portions of anhydrous methanol. The cooled 
solution of hydroxylamine hydrochloride was added slowly 
with stirring: .to the solution of the ester. The re- 
action mixture was stirred at room temperature for 24h 
then heated at 30° for 11 days. The methanol was re- 
moved under reduced pressure and the residual oil (30% 
yield) crystallized from acetone and had m.p. 153°. 


ue 


The i.r. spectrum (Nujol); 1655 cm ~ (hydroxamate C=O); 


1 


+ 
2480-2650 cm. ($N-H). The p.m.r. spectrum (DMSO.d_): 


-0...71 .ClHess, -N-OH, exchanged with D.0) . 


-OfUUu) muxsooge 
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Bridal. GaLceas LOL CgH, 7C1N,0,: Creag. U4 1, os? 


Reels sao. Found: Cy ao.7/7 Hy, S287 Ny aoeUee 


4- (1-Pyrrolidino) pentan-2-one hydrochloride 
Pyrrolidine (8.5 g) and 3-penten-2-one (10 g) 


were dissolved in separate portions of dry benzene. 

The cooled solution of pyrrolidine was added slowly with 
stirring to the solution of the ketone. The reaction 
mixture was stirred at 0° for 5 h then at room tempera- 
ture for 48 h. The benzene was removed under reduced 
pressure and the residual oil distilled under reduced 
pressure to give a compound, b.p. 72°/5 mm. This oil 
was dissolved in diethyl ether and the solution was 
saturated with dry HCl. The resulting precipitate was 


recrystallized from acetone/diethyl ether and had m.p. 


179-180°. The i.r. spectrum (Nujol): 1715 cm? (ketone 
ole 
C=0); 2470-2660 cm > (SN-H). 


Anal. Calcd. for CgH, gCLNO: Oiesd Gin 36 te H pe Bodies 


WD. 31. Fouwhe: Cyn 56, 27H, IadOradyod «Ap 


Methyl 3-piperidino-propionates and -butyrates 


Methyl 3-(l-piperidino) propionate 
The title compound was prepared in 61.2% yield 
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from piperidine and methyl acrylate using the general 
method for the preparation of 3-amino-esters. The 
reaction mixture was heated under reflux for 24 h prior 
Lo ctecCeiondl Gistillation., The compound had’ b.p. 42°/ 
0.35 mm. Literature b.p. 72°/2 mm (Matkovics et al., 
1961) > Whe 8207-4 spectrum (thinoxGidm)«4 1735 cmt (ester 
C=O). The p.m.r. spectrum (CC1,): 642imal 3SHye sy -OCH,), 


CH 


—2 
(ama 2769 Or, (BH ye m;, ‘N-CH-CH,-) , 8.25-8.70T 
y, ee 
oe \ 
(6H, Mm, Hos N-) ° 
Hoca/ 


Aud. aca. LOL C5H, 7NO.: Pp Osvioe Wy Len 


Nowa seee Pouna-: Cy 62,73: H; 93967 N78 .14 
The hydrochloride had m.p. 160-161°, Litera- 


ture m,p. 190° (Matkovics et al,, 1961); m.p, 195-196° 


(Phillips, 1950). The i.r, spectrum (Nujol): 1730 cm? 


+ 
(ester C=O); 2400-2700 om? (SN-H) . The p.m.r. spectrum 
+ 


(GDE1,)i =1.927 (1H, By SN-H, exchanged with D.0), 
Anal. Calcd. for CoH, gC1NO,: 
N, 6.76, Found: C, 51.95; H, 8.53; N, 6.75. 


€, 52,01; 8, 8,74} 


The methiodide had m.p, 157°. Literature m.p. 
147-148° (Matkovics et al,, 1961). The i,r., spectrum 


(Nujol): 1735 en™ (ester C=O). The p.m.r. spectrum 
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+ 
x 
(D,0): 6.581 (3H, s, 7N-CH,). 


Anal., Calcd-wfor GC H, INO Gees 8u0l1 scHE16339; 


10 2° 
N; 4644. Found:°C,438«313-H,o6.55;HNy 3393. 


Methyl 3-(1-piperidino)butyrate 


The title compound was prepared from piperidine 
and methyl crotonate in 55.9% yield using the general 
method for the preparation of 3-amino-esters. The 
reaction mixture was heated under reflux for 24 h 
prior to fractional distillation. The compound had 
b.p. 54°/0.4 mm. Literature b.p. 100-102°/23 mm 
(Adamson, 1954). The i.r. spectrum (thin film): 1740 
cm + (ester C=O). The p.m.r. spectrum (CCl ,): 6.43t 


+GH 


Ee. peihs 
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1. ee -OCH3), Diard Oe die 9h CTH pb Amy N-C-CH,-) , 
Hh Pe ie 
~CH, H 
AEN 
Pelo- F205 tT -(6H m, *H.C N-) o.031t*C3SHe d }J-7Hz 
aay ann ’ ’ , ' 
H ‘ear/o 
oe 
H-C-CH,) « 
Areal f Oar «/ Lor. Ce" HeeeNOwre Ce G81 i POSS <y 
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tHe hydrochloride “had m.p. 159-161.°" ‘The *r.r. 





Sis 


4. 
¢ 
«(gHO-Mg .@ ,HE) 782.3 @ (Ocd) 
7@£.39 ,H ,£0.86€ ,9 + QHZ 5 Hy 99 xoi .bois> sisah oie 


~LQve A 122.9 Pe | p£e.8f& a :bawot, bh.) VA 





snihtisgig mo1t bexzsaqsxq asw Bbnuvoqmoo sliis ‘eHT af 
feusnsp od¢ pateu bileiy #@.22 nt. eisnostoxs) Lydon bas 
eit ,.eustes-onims-t to noissusqeiq sit 102 Bbodseam 
di #€& tot xuwllox reboss bstsend 2eaw or1udxint ‘no idossz 
bed bnuogmoo edT .noitsilizetb [saoitos12 oF xo tag 
mm ES\°SOL-~OOL .q.d stutstesig .am 8.0\°be -q-d a 
OBTL :(milit midst) muutoege .1.f OAT .4(b2@L ,aoemsbA) 


TED .2 2 (£93) muxsosgqe .1.m.g odT .{O=2 zeseo) fn 


eg gli oot 
‘ eter, ,fi » HN) rS@.T-08 .7 , (¢H90- ,2 HE) 
H gi J ‘ eg aye avi F 


2 H , cei las ; 


223 


spectrum (Nujol): 1740 cm? (ester C=O); 2400, 2490, 
+ 


2580, 26208em~+ 


(SN-H). The p.m.r. spectrum (CDC1.): 
+ 
~Walis (1H, -s ; SN-H, exchanged with D,0). 

AnaienCalcd.< for C1 Hag 1NO>: beens: hepa Wee Ons beg: eet Jn Me 
pee SROUne nC S35908s Hi Os 9le N,«W6.4l. 

Thesmethiodidgsehad. mp.7i518. wThe aier- spectrum 
(Nujol): 1735 cm + (ester C=0). The p.m.r. spectrum 

+ 
x 

(D0): 7.051 (3H, s, 7N-CH,). 


Bret. ~calod. »,50r,..¢ H,5INO G py 20,02 '-He 6.423 


rt ot 
NypemaeoreroundeC, -40.,40; Hy. 6-923 N, 3.91. 


Methyl 2-methy1-3-(1-piperidino) propionate 

The title compound was prepared in 59.6% yield 
from piperidine and methyl methacrylate using the 
general method for the preparation of 3-amino-esters. 
The reaction mixture was heated under reflux for 24 h 
prior to fractional distillation. The compound had 
b.p. 40°/0.3 mm. Literature b.p. 96-98°/14 mm (Adamson, 
1949); b.p. 56°/0.5 mm (Barron et al., 1968), b.p. 102- 
103/18 mm (Bieber, 1950); b.p. 99-100°/18 mm (Bieber, 
1954); b.p. 107-108°/ 18 mm (Coutts et al., 1969); b.p. 
56°/0.5 mm (Spickett et al., 1966). The i.r. spectrum 


1 


(thin film): 1735 cm~ (ester C=O). The p.m.r. spectrum 


(CCl y): 6.422. (30,84 -OCH3), 1 aden 95st THe Aly 
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-CH CH 


2 


3 HC 
' YS \ 
N-CH.-C-H), 8.27-8.701 (6H, m, H N-), 
=2°5 = / 


7 
—2 


1 
(3H, d, J=7Hz, H-C-CH3). 


PIG Ieee Wiles tie H gNO (io, oor. ols. a Losa4: 


10 a: 
N, 7.57. Found: C, 65.19; H, 10.20; N, 7.89. 


The hydrochloride had m.p. 208°. Literature 
roe too) 6 (eb eber, L950)j-.a.p. IS56> "(Brebery 1954). 


The i.r. spectrum (Nujol): 1720 cm + (ester C=O); 2540, 
+ 

: (SN-H). The p.m.r. spectrum (CDC1.,) : 

+ 

=“LZ50tT—(1H, S,; SN-H, exchanged with D,0). 


2660, 2690 cm. 


Analize Caled citor C1 gHagCINO>: Cy Dae bas ay 9.09¢ 
N, 6.3 aneasouncece, 53498; F,. 8390; Ne 6 e2zs 
The methiodide liquified at room temperature. 


uf 


The i.r. spectrum (Nujol): 1730 cm (ester C=0). The 


+ 
p.m.r. spectrum (D,0): 6. 20 ne(3H pas, SN-CH,) 


Methyl 3-[1l-(4-phenylpiperidino)] butyrates 


Methyl 3- [1- (4-phenylpiperidino) ]butyrate 


The title compound was prepared from 4-phenyl- 
piperidine and methyl crotonate in 30.0% yield using 
the general method for the preparation of 3-amino- 


esters. The reaction mixture was heated under reflux 


b-- 


Sisisp 





- T wal e 
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pia ihe 


for 24 h praorstorfrdctionalmdistbllation. toThe 
solvent was then removed under vacuum. The crude 
product wasenot: further purified. »'The i.r. spectrum 
(bhi nhGisim)242735 ent (ester C=O). 


Theshydrochloride hadim.p.°207-210°. -Thevi.r. 


- 1 


spectrum (Nujol): 1740 cm ~ (ester C=O); 2410-2620 cm 
+ 


(“Nee jiecTheipwmsriispectrum (D.0): Se62ua(SH¢ sy 


CoHr-), 602140 (8H, S45 -OCH), 654267 .39 thi 7H}.Om} 


bite ie + 
eee 7.70-8.00t (4H, m, ( N-), 8.55t 
/ 
“CH, Hl HC 


1 
(3H, d, J=7Hz, H-C-CH,)- 
i] 
Alia asGeaa.cCue: Lor Cy gHo4CiNo,: Cp Oe? ly ts Das 


ig) e's, Cound. C, 64,.61;76H}48.127 NP 2.61. 


Dialkylamino-acetates and -butyrates 


Methyl 2-dimethylaminoacetate methiodide 


The title compound was prepared in 5% yield. 
Methyl bromoacetate (25 g) and anhydrous dimethylamine 
(20 g) were dissolved in separate portions of dry 
benzene (50 ml). The cooled amine solution was added 
slowly with stirring to the solution of methyl bromo- 


acetate. The reaction mixture was maintained at 0° 
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for 24 h then stirred at room temperature for 24 h. 
The dimethylamine hydrobromide formed was filtered 
off. The benzene was removed under reduced pressure 
and the residual oil fractionally distilled under 
yeauced pressure.) The) compound: ‘had ‘b.p.. 26°/5 mm. 
in-teraure"b.ip. 28°/iScamt(Barrass fetal. ,..1968). “The 
distilled oil was dissolved in acetone and the solu- 
tion cooled to 0°, then an excess of methyl iodide in 
acetone was added. The resulting precipitate was 
crystallized from hot acetone and had m.p. 154-156°. 
Literatupe m. ps 152-154° ((Barvass: 6b als. 1968) .”. The 
ins. Spectrumm(Nuyol): L750 en (ester C=O). The 


+ 


p.m.r. spectrum (D0) : 64 GS (9H>. sy “-N(CH,) 3). 


Bnd ies) Catled:. fon CH, ,INO,: Coe 2a7ne0;. Wye 5.5645 


Meee Pounds) fy) 27279" 4, Geis; N05, 544 


Ethyl 2-dimethylaminoacetate 
Ethyl bromoacetate (20 g) and anhydrous 


dimethylamine (16.5 g) were dissolved in separate 
portions of dry benzene (50 ml). The cooled amine 
solution was added slowly with stirring to the solution 
of ethyl bromoacetate. The reaction mixture was main- 
tained at 0° for 4 h then stirred at room temperature 


for 16 h. After the precipitated dimethylamine hydro- 


tot °0 35 


bh 


bsniss 
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bromide was filtered off, and the benzene removed from 
the filtrate under reduced pressure, the residual oil 
was fractionally distilled under reduced pressure. 
The title compound had b.p. 28°/1 mm, yield 31.3%. 
Literature b.p. 55°/20 mm (Barrass et al., 1968); 
b.p. 48-49°/12 mm (Viscontini and Meier, 1950). The 
imm. spectrumy(thani film) 7 40 cm > (ester C=O). 
The p.m.r. spectrum (CC1,): 5 i92me02H), oy, vH/Hzi, 
-OCH.-CH), SnOd 1) (2H oss , -CH,-), 74rh2rrontGH;t Er, 
“N(CH3) 5), Meinl GHht, Usashz, -~O-CH.~CH,). 
firiadtecCalcowe fox C,H, 3NO,>: Cre SAnw lot fiers 209i; 
Myer O.6eseimounds Gyr 55/207) Hy i9a:83¢d Nyn1O. 42, 

The hydrochloride had m.p. 85-87°, the compound 
liquified on standing at room temperature. The i.r. 
spectrum (Nujol) :1740 en sh (ester C=0); 2450-2700 caer 
(SN-H) . 

The methiodide had m.p. 178-181°. Literature 
m.p.t 176-177, (Barrass, et @./,; 1968) .-, The inr -(spec- 
trum (Nujol): 1740 omnt (lester? CxO). § "The! p.m.r. 
spectrum (D,0) : 6, Gar, OOH As, -N(CH4) 4)+ The mass 
spectrum: 214 [ICH,COOCH,CH,]: (10.7), 186 (5.0), 169 
66oi ee SS SOMO) ,(1adit36ind) Ark¥ ea(diOwS),, WADI)(2. A), 
1.39, Gawd teruhs 1/069 00)),7 UO ed)", GSS 1394) L27cCL8.0), 

+ 


BAG 40)", S2e(6.,7) ES [ (CH) ,N=CH.] (1O0wo)..) 57-a( 27) , 





218 


SBerte > peer (1 eae (2.4) 830) 46.2), 20 (40.0), 
20543) pee C5454 DEP M550) ade (4s 3) 97 15° H12. 5), 
m/e (% relative abundance). 
Atta. ca Lod. Lor CoH ¢ >? 
News lvoe round : | CArBoty 747 HG. 5.91579N,+ 5.243% 


INO C5230. 80rs Het GL W6F 


Ethyl 4-dimethylaminobutyrate 

The title compound was prepared in quantitative 
yield from dimethylamine and ethyl 4-bromobutyrate 
using the general method for the preparation of ethyl 4- 
aminobutyrates. The reaction mixture was stirred at 
room temperature for 8 h then heated under reflux for 
24 h prior to fractional distillation. The compound 
had b.p. 48°/5 mm. Literature b.p. 56°/5 mm (Barrass 
et al,, 1968), The i.x. spectrum (thin film): 1730 om} 
(ester C=O). The p.m.,r. spectrum (CC1,): 5,97 (2H, a, 


J=7Hz, -OCH,-CH,), 7.40-8.50t (6H, m, -CH,CH,CH5-), 


2 
FITe: (6H,°s, -N(CH,) 5), 8.72a¢° (8H7 €,°T=7Ha, -O-CH,-CH 3). 
Anal, Calcd. for C,H, NO: 6° 60,387" B 10460} 


N, 8.81, Feund: €, 59.99; H, 10.82; N, 8.66, 

The hydrochloride had mp, 104-106, Litera= 
ture m.p, 98-100° (Lightowler and MacLean, 1963). The 
i,xr, spectrum (Nujol): 1730 om? (ester C=O); 2460- 


+ 
2660 om=+ (3N=H). The p.m.r. spectrum (CDC1,): =2,00% 
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+ 
(Any 8 <N-H, exchanged with D,0). 


Anal. Caled. for CoH, gCLNO,: C,649.08%,.H)19°328; 
Ny, @.46, Found: C, 49.237 H, 9.067) N,, 6.86% 

The methiodide had m.p. 152-153°. Literature 
m.p. 156-158° (Barrass et al., 1968). The i.r. spec- 
trum (Nujol): 1730 cm + (ester -C=0).: The’ p.m.r.,. spec- 


ao 


trum (D,0): 629 2ti (9H)}..'8, -N(CH3)3)- 
Anal. Calcd. Tor CoH. INO: C0 2536469 8 26.609 


N, 4.62. Found: C, 35.88; H, 6.64; N, 4.31. 


Ethyl 4-diethylaminobutyrate 

The title compound was prepared in 12.5% yield 
from diethylamine and ethyl 4-bromobutyrate using the 
general method for the preparation of ethyl 4-amino- 
butyrates. The reaction mixture was stirred at room 
temperature for 24 h then heated under reflux for 24 
h prior to fractional distillation. The compound had 
b.p. 74°/10 mm. The i.r. spectrum (thin film): 1740 


cm? (ester C=O). The p.m.r. spectrum (CCl ,): 54931 


(2H, gq, J=7Hz, ~OCH.~-CH3), 746065=74.90t1. 48H,1m, 


CH4CH, 
\ T a no lo 
N=CHa=CrCHo~) » 6, 10-6,.55t (2H, mm, “HSC CHo CHS) P 


CHCH, 
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Beebe 8. 157 (9H, m, (CH,-CH,) .N- and -O-CH ~CH,). 


2 


Anal.ancaicd.-afor Cy oH2 NO>: i eGawiL Sait y wel Poa 
Py 40a founds; CO, 62.9087 Hy lied re N,~d.29. 
The hydrochloride. had mpsyll5-118°,. The i.r. 


spectrum, (Nujol) 21730 om. > (ester C=O); 2440-2660 ne 


+ 
CPB The p.m.r. spectrum (CDCl): a2, B0ped 1Hy.s, 
<N-H, exchanged with D0). 

Agel. Caled, for Cy pHa 2C1NO,: 2, 53) 08s 0H O98 2o4 
ioe oe oungasC, 53.38% Hy 96664 N,o5.97. 
Tieemetitoadide had m.pigila2>.y Thes2.r. spectrum 
LNWjO1L) ea1730 vee fester C=O). 759Theep.mer. spectrum 
4. 
(eG) 9197, (GB kee res N-CH,).. 
piael.gCcealcdssf0r,C 


H. ,INO ee a a ie ee be 


ae 2° 
Pra. soe reund:sGu 40ed1le Hy Teed: .Ne 46373 


Ethyl 4-dipropylaminobutyrate 


The title compound was prepared in 26.7% yield 
from dipropylamine and ethyl 4-bromobutyrate using 
the general method for the preparation of ethyl 4- 
aminobutyrates. The reaction mixture was heated under 
Tat luy tor 2445 priopeto fractional oiehaliations The 
compound had b.p. 88°/5 mm. The i.r. spectrum (thin 
py eee ey a pike (ester C=0)).6« The p.mamh.s. spectrum 


(CCl): 6.005 (20, \oaeJ sede, -OCH.-CH,), the remainder 







oniit) mutszosqe xt od mm 2A\%R8 a, : 
) . wi iT . o\ -G-G bsd Dbawogmoo 


errr” Aare wy fe an f- 
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wer: 


of the spectrum was difficult to interpret due to 
overlap of the signals. 

Anal. Calcd. for C1 9H5._NO,: Ceo. 9 lretestl ssl; 
Neb. ie erournds «, 160. omy Hh, LL 447 ON; O36 

The hydrochloride had m.p. 74°. The LJr. spec- 


1 i 


trum (huioL)s* ly 30 cm (ester C=O); 2470-2620 cm 


+ 

(SN-H) . The p.m.r. spectrum (CDC1,): =iesorT (1h, Ss 
++ 

SN-H, exchanged with D0). 


Anads. Calcaa for Cc GINO.) ba e2ce (, ob0.54; 


tage 
Nee Sooo rounds Cc, 5775454, 210.44; N, S227. 

The methiodide had m.p. 77-78°. The ieee Bpec= 
trum (Nujol): 1730 cm > (ester C=0), The p.m.r. spec- 
+ 

trum (D,0): 6.94t (3H, Ss, 5N-CH,). 
Anal, Calcd. “for C,3H>gINO.: Gee 4s 7687 By 7.90; 
ms cee Pouna: ©, 43754) Hy 77757 ° Ny; (3822. 


Ethyl 4-(1-pyrrolidino)butyrate 
The title compound was prepared in 11.2% yield 


from pyrrolidine and ethyl 4-bromobutyrate using the 
general method for the preparation of ethyl 4-amino- 
putyrates. The reaction mixture was heated under 
reflux for 48 h prior to fractional distillation. 
The compound had b.p. 56-57°/0.5 mm. The i.r. spec- 


trum (thin £iim): 1730 an = (ester C=O), The p.m.r, 





Qe 


spectrum (CC1,) : Detate tense dG, ves, -OCH.,-CH,), 


2 
\ 
7.40-7.95t (8H, m, iy N-CH,-CH,-CH,-), 8.05- 
ye H 
CH, 
BC TO0) «| 


Saout Col, AE ES aghe Se Bast, (sho cy weihe, 


poe ci.) . 


2 


ee ta els De Cy oly gNO>! Go G4a-81s E1034. 


eet peroungas 0, 65.137 HH, 10.20; N, 7.19. 

The hydrochloride liquified at room temperature. 
ieee. spectrum. (swujol)~ 17245 com> (ester C=O); 2470- 
- (Saat The p.m.r. spectrum (CDCl): =1 30 


of 
CL es SN-H, exchanged with D,0). 


2700 cm 


The methiodide had m.p. 133-134°. Literature 
itp eet so. (Garrase et al.,.1965)., Tue i.f. spec- 


Prue (hbaol) 7 a4 ems (ester C=0)...The p.m.r. spec- 
+ 
trum (D,0): 6.781. (3H, 8, 3N-CH,). 


BROAD Ce Lon. Lor OC N55INO Cc. a00S68 yo. 78; 


11 g° 
Bod. 28. Pound:.C,. 40.65: BH. 6.78; Ny 4.23, 


Ethyl 4-(l-piperidino) butyrate 
The title compound was prepared in 77.8% yield 





Lee 


from piperidine and ethyl 4-bromobutyrate using the 
general method for the preparation of ethyl 4-amino- 
esters. The reaction mixture was heated under reflux 
tore 6) hapriorxy to.fractional.distillation., The.com- 
pevndshad b.px. 862/10: mm... Theyi.r..spectrum {thin.film): 
1730 cm + (ester C=0). The p.m.xr. spectrum (CCl,): 


Se Doe eles Ded HZ »4-OCH -CH3), the remainder of the 


2 


Spectrum was. difficult to interpret due to overlap of 
the signals. 


Anals~Caicdas for C,H, ,NO.: ebbeene? Bewl DoS: 


Heads De wFounds.C,~ 66.272-H;310.63;..N, 7.05, 
The hydrochloride, had.m, p..129-129.5°... The: i.r. 


c 


spectrum (Nujol): 1725 cm (ester C=O); 2400, 2520, 


+ 
: ($N-H) . The p.m.r. spectrum could not 


2580, 2630 cm. 
be interpreted due to overlap of the signals. 

Bnal. Caicd. for C,H, C1NO.: Cy) 56,0)]e Hy Sg821; 
yw, 6,94. Bound: €, 55.72; BH, 8.323; N, 6:22, 

The methiodide had m.p. 160-161°. The i.r. 
spectrum (Nujol): 1730 om (ester C=O). The p.m.r. 

+ 

spectrum (D,0): a ae BS ee 2N-CH.). 

Anal. Calcd. for C1 5H. ,INO,: 6, £42.2233 Bi 3.083 


N, 4:11.) Found: €, 42:02: HH, 6:90;,N, 4:40» 


ecs 
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Ethyl 4-phenethylaminobutyrate 
The title compound was prepared in 49.2% yield 


from phenethylamine and ethyl 4-bromobutyrate using the 
general method for the preparation of ethyl 4-amino- 
butyrates. The reaction mixture was stirred at room 
temperature for 24 h then heated under reflux for 48 h 
prior to fractional distillation. After the phenethyl- 
amine hydrobromide was filtered off the benzene extract 
was extracted with 5% hydrochloric acid, the acid layer 
was then neutralized with 5% sodium hydroxide and ex- 
tracted with diethyl ether (3 X 20 ml). This ether 
extract was dried over anhydrous sodium sulfate, filtered 
and evaporated to dryness. The residual oil was not 


Puritied., tHe 1.r. spectrum (thin film): 1735 om” 


(ester C=O); 1590 om (C=C 


Bao aod. Cor C . Os) (2.458 1, 8.945 


re baa) bees 
Meee oe. Pounds C.. 71.23; H, 8.54. My 6.02. 


mie hydrochloride had m.p. 1/1-174°. The 1.7. 


spectrum (Nujol): 1725 cm + (ester C=O); 2500-2660 cm > 
De ai.. The p.m.r. spectrum (CDC1,): “OvgerT 12nees, 
SNH, exchanged with Do he 

Ail, Mee CU. Or Oe ECan, (Leon Ay eee os 


ne ee 2 
we ewes Pound: CC, 61243.0°H, 8.067 N, S.07. 
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Ethyl 4—(N-methy1-N-phenethy1)aminobutyrate hydricdide 
The title compound was prepared by dissolving 
ethyl 4-phenethylaminobutyrate (1 g) in acetone and 
adding an excess of methyl iodide in acetone. The 
resulting precipitate was crystallized from acetone/ 
diethyl ether. The compound had m.p. 160-164°. The 
eta eoeccLum (Nujol) s 1/25 cm + (ester C=O). 
Ahals Calcd, "Lor C, 5H5,1NO,: 
Pee Peeround= C,-*47.65; AH, 6.647 (N, 3.693% 
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